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06480  I.N.  Ozeryanaya,  N.T.  Shardakov 

I  INFLUENCE  OF  WATER  VAPOR  PRESSURE  ON  ALUMINIUM  CORROSION  IN 

j  -  TTHIUM  AND  KALIUM  CHLORIDES 

06490  G.  Rocchini 

A  GENERALISATION  OF  THREE  POINT  METHOD 

06500  M.  Koda,  H.  Takahashi  and  M .  Nagayama 

HOT-WATER  HYDRATION  OF  POROUS  ANODIC  OXIDE  FILMS  ON  ALUMI¬ 
NIUM-ANALYSIS  OF  FILM  STRUCTURE  3Y  ANODIC  POLARIZATION 


06510  M.  Janik-Czachor 

EFFECT  OF  METALLOID  ELEMENTS  ON  THE  CORROSION  BEHAVIOUR  OF 
Fa  BASE  GLASSY  ALLOYS 

"6520  L.  Craiilot  ,  R.  Reich,  C.  Fiaud 

STAINLESS  STEELS  WITH  ALUMINIUM  AND  SILICON  ADDITIONS:  PRE¬ 
PARATION,  METALLOGRAPHY  AND  PITTING  CORROSION  STUDY 

16530  R.  Goetz,  J.  Laurent,  D.  Landoit 

INFLUENCE  Or  MINOR  ALLOYING  ELEMENTS  ON  PASSIVATION 
BEHAVIOUR  CE  IRON-CHROMIUM  ALLOYS  IN  HCl 
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06550  P.  Kirkov,T.Anovski,  J.Arsovski,  S.Pejovski,  J.Naumovski,  T 
Grcez,  Lj.Arsov,  A.  Prussi 

THE  EFFECT  OF  DRAG  REDUCERS  ON  THE  INHIBITOR  EFFICIENCY  AND 
CORROSION  PROTECTION  IN  NON-AQUEOUS  MEDIUM 

07.  Electrochemical  Energy  Conversion  and  Photoelectrochemi stry 

OT’OIO  J.  Kankare,  K.  Haapakka,  O.  Puhakka  and  S.  Kulmala 

ELECTROGENERATED  LUMINESCENCE  OF  TERBIUM  COMPLEXES  ON  AN 
ALUMINIUM  ELECTRODE 
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DETERMINATION  OF  FLUORESCENT  COMPOUNDS  BY  ELECT ROL UM I NE S C FN 

Cl’ 
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0704  0  M.  Mu  j  a ,  P.  Spine  ill,  M.V.  Gir.atta  and  G.  Orsc-ilo 
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THE  EFFECT  OF  Pt  AND  Ru02  DEPOSITS  ON  THE  PHOTOREDUCTION  OF 
METHYL7I0L0GEN  ON  Ti/TiC2  ELECTRODES  AT  OPEN  CIRCUIT 

O.  Enea  and  A.J.  Bard 

pH  EFFECTS  ON  THE  PHOTOOXIDATION  OF  SOME  SUGARS  BY  THE  IRRA 
DIATED  SUSPENSIONS  OF  TI02 

F-  Trinidad,  J.  Alonso-Lopez  and  M.  Nebot 

ELECTROCHEMICAL  BEHAVIOUR  OF  POLYPYRROLE  FILMS  IN  ClO^Li/PC 
AS  SECONDARY  BATTERY  ELECTRODES 

P.  Garces,  M.A.  Climent,  M.  Lopez  Scqura  and  A.  Aldaz 
REDOX  FLOW  BATERRY  USING  Fe3+/Fe2+  AND  Cr3+/Cr2+  COUPLES 

M .  Fu]ihira  and  K.  Nishiynna 

ELECTROCHEMICAL  AND  PHOTOELECTROCHEMICAL  BEHAVIOUR  OF  LANG- 
MU I R- BLODGETT  MONOMOLECULAR  ASSEMBLIES  ON  Aa  AND  Sn02  ELEC¬ 
TRODES 

M.  Fujihira,  K.  Aoki,  S.  Inoue.  H.  Takemura  and  S.  Aoyagui 
DYE  SENSITIZATION  OF  RHODAMINE  B  AND  Ru(bpy)2+  SURFACTANT 
DERIVATIVES  ON  Au  AND  Sn02  OTE 

I.T.E.  Fonseca  and  A.C.S.S.  Marin 

THE  OXIDATION  OF  HC.OOH  AT  A  Pt  ANODE  PARTIALLY  COVERED  BY 
COPPER 


J.M.  Hornut  and  A.  Stcrck 

DISCHARGE  BEHAVIOUR  OF  A  REDOX  THERMOGALVANIC  AND  CONCENTRA 
TION  CELL 
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O.  Solorza  and  G.  Poi Herat 
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C7190  S.  Agachi  and  L .  Omciu 

OPTIMIZATION  OF  THE  ELECTROCHEMICAL  PROCESS  TAKING  PLACE  IN 
A  METHANOL -HYDROGEN  PEROXIDE  FUEL  CELL 


07 200  M.  Biserni,  P.  Butcol,  A.  Mar innageli ,  M.  Mastragostino 

BROMINE  DOPED  POLYDITH I ENOTHIOPHENE :  CATHODE  ACTIVE  MATE- 
TERIA L  IN  AQUEOUS  MEDIUM 


07210  A.  Felske,  W.J.  Plieth 

PHOTOCHEMICAL  INVESTIGATIONS  OF  THE  METAL/ ELECTROLYTE  AND 
THE  METAL/METALOXIDE/ELECTROLYTE  INTERFACE  USING  HIGH  POWER 
LASER  PULSES 


07220  R.  Knodler 

IMPEDANCE  OF  A  SODIUMPOLYSULPHIDE  ELECTRODE  DURING  THE  PHA¬ 
SE  TRANSITION  MOLTEN/SOLID 

07230  C.  Russel,  D.  Krauss  and  K.  Ledjeff 

TFE  INFLUENCE  OF  THE  ELECTROLYTE  ON  THE  KTFNTICS  OF  Cr ( I II )  ■ 
REDUCTION 


072*10  K,  Kordesch,  J.  Gael Imam.  a  nr  M.  Pet-cL 

THE  3IPOLAR  ZINC-BROMINE  BATTERY:  IMPROVED  CARBON-BROM ILL 
ELECTRODES 


07250  W.J.  Rarer  and  K.  Korda sc h 

ELECTROLYTIC  MANGANESE  DIOXIDE  PRODUCTION  IN  A  FLOWING  EL E I 
TPOLYTE  SYSTEM 


0 2 G T  J.P.  Roger,  D.  Fournier,  A.C.  Boccara  ,P.  Noufi,  D.  Cahen 

IN  SITU  MONITORING  OF  SEMICONDUCTOR/LIQUID  JUNCTION  BY  SIMUL 
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07280  2.  Stoynov,  B.  Savova-Stoynov 

FOURIER  ANALYSIS  IN  PRESENCE  OF  NONSTAT IONARY  APERIODIC 
NOISE 


07290  K.  Mueller,  B.  Career,  R.  Koetz  and  S.  Stucki 

ELECTROLYTE-FREE  ELECTROLYTIC  HYDROGEN  PEROXIDE 


07300  A.  Shorygin  and  G.  Danielyan 

NONLINEAR  EFFECTS  IN  ELECTROCHEMICAL  CELLS  SUBJECTED  TO 
ALTERNATING  CURRENT  AND  MAGNETIC  FIELD 


L.  Peraldo  Bice’ll,  F.  Bonmo  and  3.  Rivolta 

LEAD  CXIDF.  j  CATHODIC  MATERIALS  FOR  VOLTAGE  COMPATIBLE 

LITHIUM  C'V.LS 


07320  G.  Razzim,  L. Peraldo  Bicelli,  B.  Scrosati  and  L.  Zanotti 
A  12%  EFFICIENT  PHOTOELECTROCHEMICAL  CELL  WITH  POLYCRYSTA¬ 
LLINE  n-CuInSe2  ELECTRODES 
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08010  M.  Rueda ,  M.  Siuyters-Rehbach  and  J.H.  Slu/ters 

THE  ELECTROCHEMICAL  REDUCTION  OF  PYRAZINE  IN  HIGHLY  ACIDIC 
SOLUTIONS.  AN  ADMITTANCE  AND  POLAROGRAPH IC  STUDY 


0SC20  R.  Izquierdo,  M.  Blazquez,  F.  Garcl a-Blanno  and  M . Dominguez 
REDUCTION  OF  PYRIDOXAL  5 ' -PHOSPHATE  IN  ETHANOL-WATER  SOLU¬ 
TIONS  ON  A  MERCURY  ELECTRODE 

08030  M.L.  Escudero,  J.A.  Gonzalez  and  J.  Ruiz 
CORROSION  IN  VIVO  OF  PROSTHESIS  MATERIAL 

08040  T.  Saji,  K.  Hoshino  and  S.  Aoyagui 

REVERSIBLE  FORMATION  AND  DISRUPTION  OF  MI CELLS  3Y  CONTROL 
OF  THE  REDOX  STATE  Or  I  HE  SURFACTANT  HEAD  GROUP 
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08050  G.  Pierre,  P.  Chautemps  and  J.L.  Pierre 

A  SYNTHETIC  MODEL  OF  NADH  WORKING  CATALYTICALLY  IN  A  BIPHA- 
SIC  MEDIUM 


09.  Double  Layer  and  Adsorption 

09010  G.  Barral,  J.P.  Diard,  C.  Montella 

EFFET'S  DE  LA  DOUBLE  COUCHE  D '  HELMOLTZ  SUR  LA  DISTRIBUTION 
DU  POTENTIEL  ET  LE  COMPORTEMENT  CAPACITIF  DE  L* INTERFACE 
SEMICONDUCTEUR  OU  SEMIMETAL/ELECTROLYTE 

05020  M.  Erceg  and  D.  Suznjevic 

ADSORPTION  OF  THE  ETHYLENEDITH IOLDIACET  l'C  AC  ID  AND  THIOGLYCO 
LIC  ACID  AT  THE  MERCURY  SOLUTION  INTERFACE 

09030  R.I.  Tuccen  and  D.  Posadas 

DIFFERENTIAL  CAPACITANCE  AMD  SURFACE  CONDUCTANCE  OF  GOLD  IN 
THE  PRESENCE  OF  ADSORBED  AMYL  ALCOHOL 

09040  G.J.  Gordillo  and  D.  Posadas 

IONIC  COMPONENTS  OF  CHARGE  AT  THE  MERCURY/KI  +  KCI  AQUEOUS 
SOLUTION  INTERPHASE 

09050  J.  Malina  and  B.  Lovrecek 

PROPERTIES  OF  THE  INTERFACE  STEEL-THERMALLY  FORMED  OXI¬ 
DE/ELECTROLYTE 

09060  J.  Barbier,  E.  Lamy-Pitnra 

INVESTIGATION  OF  SULFUR  ADSORPTION  ON  NOBLE  METALS  BY  CY¬ 
CLIC  VOLTAMMETRY 

G9070  M-.M.  60ir.cz  and  E.  Alda 
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09080  M.  Cid  and  M.C.  Petit 

STUDY  AND  COMPARISON  OF  ANOMALIES  OBSERVED  ON  IMPEDANCE  DIA 
GRAMS  OF  NICKEL  IN  THE  PRESENCE  OF  F~  AND  HSO~  ANIONS 

09090  M.  Perez  Sanchez,  M.  Barrera,  S.  Gonzalez  and  A.  Arevalo 

STUDY  ON  THE  ADSORPTION  OF  Zn(II)  IN  ?YRIDINE-NaC104  MEDIA 

09100  Z.  Saraec  and  V .  Marecek 

EVALUATION  OF  OHMIC  POTENTIAL  DROP  AND  DOUBLE  LAYER  CAPACI¬ 
TANCE  OF  THE  INTERFACE  BETWEEN  TWO  INMISCIBLE  ELECTROLYTE 
SOLUTIONS  FROM  GALVANOSTATIC  PULSE  MEASUREMENTS 


09110  A.  Hamelin  ,  L.  Stoicovic l u , F. A .  Silva,  M.J.  Sottomayor 

TEMPERATURE  EFFECT  AT  GOLD  SINCLE  CRYSTALS/AQUEOUS  SOLUTION 
INTERFACES 

0912  1  S.  Gcr.za  aoz ,  ?.  Cam  and  A.  Arc  alo 

ADSORPTION  OF  Tlfll'  ON  MERCURY  IN  AZIDE  MEDIA 

•.'•'1  j  3  G.J.  Hanson  ,  Hansen,  .l.F.  .Andrew 

OBSERVING  THE  COMPONENTS  OF  THE  IDEALLY  POLARIZABLE  DOUBLE 
LAYER  USING  INFRARED  SPECTROSCOPY 

C914C  L.  Vic  ton,  W.  Bek,  L.  Nunez,  R.  Fortuny 

INTERFACE  CONSTRUCTION  TO  INFORMATIZATION  OF  ELECTROCHEMI¬ 
CAL  PROCESSES 


09150  D.  Gonzalez-Ar jona  and  M.  Rueda 

ADSORPTION  OF  J ,  6 -UNSATURATED  ALDEHYDES  AT  THE  MERCURY-WA¬ 
TER  INTERFACE 


09160  H.D.  Hurwitz,  A.  Jenard  and  B.  Bicaraumpaka 

FLUORIDE  AND  BROMIDE  COADSORPTION  AT  THE  Hg  ELECTRODE 

09179  M.  Bacchctta  ,  S.  Trasatti,  A.  Hamel  in,  L.  Douhova 
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09180  A.  Daghetti  ,  S.  Trasatti#  I . Zagorska, Z .  Koczorowski 

ADSORPTION  OF  ETHERS  OF  ETHYLENE  GLYCOL  AT  THE  AIR/SOLUTION 
AND  THE  Hg/ SOLUTION  INTERFACE 

09190  E.  Dutkiewicz  and  P.  Skoluda 

IONIC  ADSORPTION  FROM  MIXED  ELECTROLYTE  SOLUTION  AT  CONSTANT 
CATIONIC  STRENGTH 

09200  E.  Dutkiewicz  and  J.  Staczyr.ska 

ADSORPTION  OF  SULFONATE  ICUS  ON  MERCURY  ELECTRODE  FROM  SOL II 
TION  AT  CONSTANT  IONIC  STRENGTH. 

9921"  2.  Borkcwska 

SOLVENT  EFFECTS  OF  THE  DOUBLE  LAVER  AT  THE  ELECTRODE/SOLU¬ 
TION  INTERFACE 


10.  Electroanalytical  Chemistry 

LOGIC  J.  Chevalet,  N.  Fatouros,  R.  Reeves 

THEORETICAL  ANALYSIS  OF  THE  MEANS  OF  IMPROVING  THE  SENSITI¬ 
VITY  OF  ELECTROANALYTICAL  TECHNIQUES 


•0020  C.  Locatelli,  F.  Fagioli  .  C.  Bighi 

DETERMINATION  OF  METALS  AT  TRACE  LEVEL  BY  SECOND  HARMONIC 
ALTERNATING  CURRENT  ANODIC  STRIPPING  'OLTAMMETRY 
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10050  A.M.  Martinez,  I'.L.  Polo  and  R.  Guzman 

CONTRIBUTIONS  TO  THE  ETCHING  OF  ABS  PLASTICS  FOR  THE  CHEMI¬ 
CAL  COPPER  PLATING 

10060  J.M.  Lopez  Fonseca,  J.C.  Garcia  Monteagudo,  A.  Riveiro  and 
A.  Otero 

THE  APPLICATION  OF  REVERSE  NORMAL  PULSE  POLAROGRAPHY  TO  THE 
CATHODIC  STRIPPING  DETERMINATION  OF  SUBSTANCES  OF  BIOLOGI¬ 
CAL  INTEREST 

1C1.  TO  M.J.  Garcia  Gutierrez,  P.  Tuiion  Bianco,  A.  oosta, S.  Arriba.'. 

PHASE  SELECTIVE  ALTERNATING  CURRENT  POLAHOGRAPH IC  BEHAVIOUR 
OF  ME5NA.  ANALYTICAL  APPLICATIONS 

10060  A.J.  Miranda  Ordieres,  P.  Tunon  Blanco,  A.  Costa  Garcia, 
M.A.  Garcia  Fernandez,  S.  Arribas  Jimeno 

OXIDATIVE  AMPEROMETRIC  DETECTION  IN  HPLC  DETERMINATION  OF 
ANTICANCEF  DRUG  METHOTREXATE 

10000  A.J.  Miranda  Ordieres,  p.  Tuiloz  Blanco,  A.  Costa, S.  Arribas 
PHASE  SELECTIVE  ALTERNATING  CURRENT  POLAROGRAPH IC  DETERMINA 
T I  ON  OF  METHOTREXATE  TN  BIOLOGICAL  MATRICES 

10.130  J.L  Muniz  Alvarez,  A.J.  Miranda  Ordieres,  P.  Tuiioz  Blanco, 
A.  Costa  GArcIa  and  S.  Arribas  Jimeno 

VOLTAMMETRIC  TECHNIQE"S  APPLIED  TO  THE  STUDY  OF  THE  HYDROLI 
SIT  OF  S-DENOS !  L  L  -  M  HT II I  ON  I N  E 

l 0 110  J.  Osteryoung,  fl.  Wojcit-cnowski ,  A.  Webber  and  E.  Takeuchi 
DE 1 ERM 1 NAT  I ON  OF  BIOLOG iCALLY  INTERESTING  MOLECULES  BY  PUL¬ 
SE  VOLTAMMETRY 

■'...120  E.  Cdsasaas,  C.  Arino  and  M.  Esteban 

POLAROGRAPH  I C  AMD  VCLVA.  'METRIC  STUDY  2-MXRCAPTOETMANOL 
AND  ITS  COMPLEXES  WITH  CADMIUM  (71/  I  (ON 
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10130  E.  Casassas,  M.  Esteban  and  C.  Arino 

POLAROGRAPHIC  STUDY  OF  THE  ANODIC  OXIDATION  OF  MERCURY  IN 
THE  PRESENCE  OF  THIOETHER  CARBOXYLIC  ACIDS 

10140  Y.  Castrillejo,  E.  Barrado,  R.  Pardo  and  P.  Sanchez  Batane- 
ro 

POLAROGRAPHIC  DETERMINATION  OF  TITANIUM  AT  TRACE  LEVEL 

10150  M.  Barajas ,  E.  del  Real,  R.  Pardo,  Y.  Castrillejo,  E.  Barra 
do  and  P.  Sanchez  Batar.ero 

DETERMINATION  OF  ARSENIC  AND  GERMANIUM  BY  MEANS  OF  AN  INDI¬ 
RECT  POLAROGRAPHIC  METHOD 


:C160  M .  Cgurer. ,  M.L.  Tascon,  M.D.  Vazauez  and  p ,  s.unche 
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STUDY  OF  TEE  ELECTROCHEMICAL  BEHAVIOUR  OF  MINERAL  SOi,ID 
SUBSTANCES  USING  A  HOME-MADE  CARBON  PASTE  ELECTRODE 


:.0170  U.  Nickel,  M .  Schr.ei.de  t:  and  W.  Jaenickc 

ANALYSIS  OF  THE  OXIDATIVE  SULFGNATION  OF  AROMATIC  COMPOUNDS 

10180  L.  Campanol 1  a ,  M.  Mancini,  G.  Palleschi,  M.  Tomassetti 

DETERMINATION  OF  PHOSPHOL I P ID  I S  IN  DRUGS  AND  BIOLOGICAL  LI¬ 
QUIDS 


.0190  !. .  Hernandez,  J.M.  Pinilla  and  J.R.  Procopio 

APPLICATION  OF  A  FI  A  SYSTEM  WITH  AMPEP.OMETRIC  DETECTION  TO 
THE  DETERMINATION  OF  FOLMALDEHYDE 

.0200  E.  Gonzalez  Rorr.ero  and  I..  Hernandez  Hernandez 

ANODIC  STRIPPING  VOLTAMMETRY  ANALYSIS  OF  CLOZAPINE  ON  A 
GLASSY  CARBON  ELECTRODE 

.0210  n .  I  .  do  la  Cruz  Yacuez,  J.M.  P’.ngarron  Carrazon  and  L.M. 
Polo  Diez 

POLAROGRAPHIC  REDUCTION  CF  NAPHTHOL  YELLOWS 
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10220  G.  Tomaino  Beltrami,  J.M.  Pingarron  Carrazon  and  L.M.  Polo 


APPLICATION  OF  SEVERAL  REVERSIBILITY  CRITERIA  TO  THE  POLARO 
GRAPHIC  REDUCTION  OF  METHYLENE  BLUE  IN  A  BRITTON- ROBINSON 
BUFFER 


10230  M.  Valcarcel,  M.D.  Luque  de  Castro  and  A.  Fernandez 

AMPEROMETRIC  DETERMINATION  OF  ETHANOL  IN  BLOOD  BY  FLOW  IN¬ 
JECTION  ANALYSIS 

10240  J. Hernandez  Mendez,  R.  Carabias  Martinez, J.  Sanchez  Martin 

POLAROGRAPHIC  DETERMINATION  OF  PARATHION  AND  PARAOXON .  INDUC 
TION  OF  PARATHION  HYDROLYSIS  BY  Pd(II) 

10250  T.  Hernandez  Mendez,  C.  Gonzalez  Perez,  K.I.  Gonzalez  Mar¬ 
tin  and  M.J.  Arias  Rodriguez 

DETERMINATION  OF  CL OB AZAM  AND  NORCLCBAZAM  BY  DIFFERENTIAL 

PULSE  PCLAROGRAPHY 

10260  J.  Hernandez  Mendez,  A.  Sanchez  Perez  and  M.  Delgado  Zama- 
rreno 

POLAROGRAPHY  OF  CIMETIDINE  AND  RANITIDINE 

10270  J.  Hernandez  Mendez,  R.  Carabias  Martinez  and  E.  Rodriguez 
Gonzalc 

ELECTROANALYTICAL  STUDIES  OF  PESTICIDES.  DETERMINATION  OF 
GUTHION 


11.  Metal  Deposition  and  Dissolution. 


11010  J.N.  Jovicevic  and  V.D.  Jovic 

ALUMINIUM  ELECTRODEPOSITION  FROM  AlCl-j  -NaCl  AND  A1C1.J-KC1 
MELTS  ON  PLATINUM,  GOLD  AND  VITREOUS  CARBON  ELECTRODES 

11020  C.  Moina  and  D.  Posadas 

SALT  FORMATION  DURING  THE  ANODIC  DISSOLUTION  OF  IRON  IN 
AQUEOUS  (NH4)2S04  AT  pH  =  2 

11030  C.P..  Vaiencmi,  C.A.  Moina,  E . B  Castro,  J.R.  Vilche  and 
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1.1 


NEW  DATA  ON  THE  DYNAMIC  BEHAVIOUR  OF  THE  PASSIVE  FILM  ON  IRON 
M.  KEDDAM*  and  C.  PALLOTTA** 

*  LP  15  CNRS  "Physique  des  Liquides  et  Electroc'nimie" ,  Universite  Pierre  et 
Marie  Curie,  4  place  Jussieu,  75230  Paris  Cedex  05,  France. 

**  Departamento  de  Fisoco-Quimica ,  Facultad  de  Ciencias  Exactas,  Ciudad 
Universitaria,  Pabellon  II,  1428  Nunez  Buenos  Aires,  Argentina. 


Introduction 

During  the  last  ten  vests  passivity  studies  have  been  performed  mainly 
by  m°ans  of  in-sztu  optical  techniques  mid  nan  ir.-situ  surface  spectrosco¬ 
pies  .Most  of  these  contributions  dealt  vita  neutral  weakly  agra ssive  media 
(boric-borate  buffered  solutions).  During  the  same  oexi.d  no  serious 
advantage  was  taken  from  the  advances  in  non  steady  state  electrochemical 
techniques  such  as  complex  impedance  measurement  at  very  low  frequencies  by 
correlation  or  FFT  signal  processing.  This  lecture  will  report  the  results 
recently  obtained  in  our  group  by  applying  these  techniques  to  iron  passi¬ 
vity  m  various  acidic  media.  The  use  of  impedance  measurements  was  essen¬ 
tially  aimed  at  separating  the  transport  properties  of  the  passive  film, 
the  charge  transfer  at  the  film  boundaries  and  the  growth  kinetics.  One  of 
the  main  point  being  the  identification  of  the  process  controlling  the 
electrode  polarization  in  the  passive  range.  In  addition  to  electrochemical 
impedance,  electrohydrodynamical  (EHD)  impedances  2  were  introduced  for  the 
first  time  in  passivity  studies. 

Experimental 

A  Solartron  equipment  (TFA  1250  and  electrochemical  interface  1186) 
was  used.  FFT  techniques  (HP  5451C)  was  restricted  to  the  very  low  frequen¬ 
cy  part  of  the  spectrum  (f  <  0.01  Hz).  Modulation  of  the  angular  velocity 
of  the  disc  electrode  (EHD)  was  performed  with  a  fast  response  mechanical 
feed-back. 

Results 

A  tvpical  shape  of  the  impedance  diagram  of  passive  iron  is  shown  in 
Fig.  1.  " 

Transport  mechanism  in  the  film  sustaining  the  passive  current  Ip  was 
ar.ilysed  from  the  potential  depenaence  of  Rjjy,  resistance  of  the  fiir.  with 
no  relaxation  of  the  film  thickness.  Results  obtained  for  the  transfer 
parameter  Rgylp  are  shown  in  Fig.  2, establishing  a  similarity  of  behaviour 
among  all  the  electrolytes  investigated.  .MI  the  nural’cl  straight  lines 
would  overlap  perfectly  if  their  potential  s^aie  wore  recalibrated  on  tht 
Fiade  potential  relative  to  e  cl’  usdiun.  From  Fig.  2  it  was  inferred  that 
K;y  c  ■resists  of  an  interface  Caspar  enc  iF.jre  at  the  Hade  potential)  plus  a 
I  t  1st.  hulk  contribution  (V«if>  ( >•  1  d  t  ■ran  port) .  A  3.5  -.m  v"'  film  .liickn.arr. 
is  deduced  m  gc  od  agrewteut  with  literature  dr. ..a . 
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The  occurrence  of  a  pure  capacitance  T  in  the  millihertz  range  is 
tightly  connected  with  the  infinite  polarization  resistance  (passivity  pla¬ 
teau)  exhibited  by  the  system.  It  rules  out  any  diffusion  controlled  and 
reflects  the  relaxation  of  film  thickness  with  the  potential.  However  the  T 
value  (order  of  30  mF.crn-2)  is  by  one  order  of  magnitude  greater  than  the 
value  predicted  from  the  faradaic  charge  stored  in  the  passive  film.  This 
result  is  consistent  with  the  existence  of  a  notable  dissolution  component 
in  the  transient  response  of  the  passive  film  3. 

Classically,  redox  reactions  provide  information  on  the  film  ability  to 
support  electron  transfer.  The  use  of  hydrodynamical  perturbations  gave  a 
new  insight  into  the  control  of  redox  kinetics  in  an  outer  region  of  ..he 
film,  strongly  influenced  by  the  electrolyte  compo^iticn.  Fig  3  shows  tn.e 
reciprocal  Levich  plot  (I~'/h~1^)  for  the  ferro  to  f  errieyav:)  he  oxydation 
cn  a  passive  iron  surface  in  the  three  acidic  media  investigated.  A  fast 
reaction  with  pure  diffusion  control  is  found  in  HC104,  a  mixed  kinetics  is 
observed  in  H3?04,  HjSO^  lying  in  the  midrange.  E1D  data  (Bode-plar.e)  pre¬ 
sented  in  Fig.  4  allowed  to  establish  that  the  passive  film  in  HCIO4  behaves 
classically  as  a  platinum  disc  (diffusion  layer  ir.  tha  liquid  phase).  In 
contrast,  H2SO4  and  even  more  clearly  H3PO4  reveal  a  more  complicated  EKD 
pattern  thus  indicating  the  existence  of  a  diffusion  control  in  a  surface 
region  of  the  passive  film  undergoing  a  specific  alteration  by  the  modula¬ 
tion  of  the  rotation  speed  ** . 

C./nc  lesion 

The  resulting  picture  of  the  passive  film  on  iron  in  acidic  media  is 
that  of  a  two-layer  structure  3  :  an  inner  region  practically  independent  of 
the  electrolyte  composition  in  which  the  electric  field  is  located,  an 
outer  part  accomodating  the  composition  effects  in  which  most  of  the  film 
interactions  with  the  surrounding  electrolvte  take  place.  A  seriou6  simila¬ 
rity  with  the  surface  properties  of  iron  Sxides  colloidal  particles  is 
emphasized.  This  idea  is  also  strongly  supported  by  the  behavioural  sequence: 
perchlorate-suif ate-phosphonate ,  found  in  the  present  work  and  the  increa¬ 
sing  aaserbabil ity  of  these  anions  cn  iron  oxides  in  thpir  colloidal  state. 

References 

1.  ‘Passivity  of  Metals",  R.P.  Frankenthal  and  J.  Kruger  Ed.,  The  Electro¬ 
chemical  Society,  Corrosion  Monograph  Series,  Princeton  N.J.  (1978). 
"Passivity  of  Metals  and  Semiconductors",  M.  Frcment  F.d.,  Elsevier  (1933). 

2.  C.  Dtslouis,  C.  Gabrielli,  P.  Saintc-Rosu  Fanchine  and  B.  Tribollet, 

.T.  Elec  troches.  Soc.  J29,  107  (1932). 

M.  Reduce,  J.F.  Lizee,  C.  Pallotr.a  and  H.  Takenouti,  Ibid.  131,  2016 

0934). 

•v .  M.  Keduam  and  C.  Fallotta,  Ibid.  132,  731  (1985). 

3.  J.I..  Ord  and  D.J.  Dormer,  Ibid.  1  13,  1258  11966)  . 


1.2 


PRACTICAL  SIGNIFICANCE  OF  ELECTROCHEMICAL  METHODS 
FOR  THE  STUDY  OF  CORROSION  KINETICS 

E.  Heitz 

Dechema-Insti tut,  Frankfurt/M.,  Fed. -Rep.  Germany 


The  objectives  of  corrosion  testing  and  corrosion  investigations  are  the 
production  of  data  on  the  performance  of  material/medium  systems,  the  study 
of  corrosion  mechanisms  and  the  choice  of  appropriate  corrosion  protection 
metnods.  Since  most  corrosion  processes  are  electrochemical  in  nature  an  in¬ 
creasing  interest  to  apply  such  methods  in  corrosion  testing  and  corrosion 
control  has  been  experienced  in  recent  times. 

It  is  important  for  the  discussion  of  the  appl icabi 1 i ty  of  electrochemical 
methods  to  analyse  the  type  and  distribution  of  problems  occurring  in  in¬ 
dustrial  practice  and  in  everyday  life.  They  are: 

1.  Corrosion  case  history  evaluation  and  corrosion  control  measures 

2.  Determination  of  corrosion  rates  for  given  corrosion  systems 

3.  Material  selection  for  given  corrosive  media  and  corrosion  conditions 

4.  Development  of  new  electrochemical  testing  and  monitoring  methods 

5.  Accompanying  research  to  enhance  the  application  of  new  technologies  and 
the  development  of  new  materials. 

With  regard  to  the  relative  imoortance  of  thermodynamic  or  kinetic  methods, 
only  in  a  few  cases  purely  thermodynamic  considerations  of  the  kind:  corro- 
lion  -  yes  or  now?  are  relevant.  By  far  the  largest  amount  of  problems  is 
concerned  with  kinetic  questions  such  as  corrosion  rates  as  function  of 
aggressive  agents  concentrations,  of  critical  conditions  for  the  occurrence  of 
certain  corrosion  mechanisms  or  the  range  of  safe  appl icabi 1 i ty  of  a  corrosion 
protection  method. 

In  addition  the  great  variety  of  practical  problems  requires  a  great  number  of 
electrochemical  metnods  to  be  analysed  with  regard  to  their  ute,  significance 
and  limitations.  Since  experimental  methods  in  electrochemistry  are  becoming 
ere  diverse  new  techniques  of  electrochemical  corrosion  testing  have  to  Do 
considered  /!/. 

it  is  useful  to  classify  the  large  field  of  electrochemical  methods  os  follows: 

a!  Polarisation  measurements  -  Stationary  methods  (corrosion  rates;  active- 
passive  behaviour;  critical  potentials) 

b)  "olarisation  measurements  -  lion-stationary  methods  (inoedance  spectroscopy , 
vjl tammetry  a. s.o. ) 

c)  Potential  measurements  (monitoring  in  the  plant  or  in  the  field) 

di  Cjrrent  measurements  (bimetallic  corrosion;  stray  current  corrosion) 
e)  Advances  in  measuring  techniques  (computer  control  and  evaluation). 
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Prior  to  applying  electrochemical  methods  one  must  realize  the  scale  of  the 
experiments  with  respect  to  the  size  of  the  specimen  and  the  test  apparatus 
and  the  choice  of  an  appropriate  test  duration.  It  is  only  recently,  that 
systematic  considerations  on  the  principles  of  scaling  corrosion  test  have 
been  made  /2,3/. 

For  the  illustration  of  the  above  statements  a  number  of  examples  are  given. 
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PASSIVITY  BREAKDOWN  AND  REPASSIVATION  PROCESSES  IN  PITTING  AND  STRESS 
CORROSION  CRACKING  OF  METALS  AND  ALLOYS. 

■lose  R.  Galvele. 

Departamento  Materiales,  Comision  Nacional  de  Energia  Atomica, 

Avda.  Libertador  8250,  Buenos  Aires-1429,  Argentina. 


Passivity  of  metals  and  alloys  is  very  important  from  an 
applied  point  of  view,  and  its  breakdown  is  usually  a  source  of  serious 
problems.  Two  aspects  of  passivity  breakdown  will  be  discussed  in  the 
present  work.  In  the  first  one,  as  a  result  of  environmental  changes, 
passivity  breaks  down  leading  to  pitting.  In  the  second,  passivity 
breakdown  occurs  as  a  result  of  the  action  of  environment  plu3  mechanical 
stresses  in  the  metal,  and  stress  corrosion  cracking  (SCC)  is  found.  Our 
degree  of  understanding  in  these  two  areas  is  very  different.  While  in 
seme  cat. j  of  pitting  we  have  reached  a  reasonable  degree  of  understanding, 
which  allows  us  to  predict  new  cases  of  pitting,  as  well  as  the  conditions 
leading  to  pitting  inhibition,  we  are  still  very  far  from  such  a  degree  of 
understanding  in  the  case  of  stress  corrosion  cracking. 

Three  different  types  of  pitting,  presenting  similar  morphQlogias, 
but  following  different  mechanisms,  are  to  be  distinguished  (1)-: 

1)  -Electrochemical  depassivation, 

2)  -Chemical  depassivation, 

and  3) -Etch  pitting  (or:  Stainless  steel-HCl  type). 

In  tbs  present  work  we  are  concerned  only  with  the  first  type:  Electro¬ 
chemical  depassivntion.  Under  potentiostatic  conditions  this  type  of  pitting 
starts  only  above  a  certain  potential,  called  pitting  potential  (Ep) .  This 
potential  was  found  tc  be  function  of  the  aggressive  ion  concentration,  the 
alley  composition,  the  pH,  the  presence  of  buffers,  etc. 

Transport  process  analysis  (2,3,4)  has  shown  that  electrochemical 
cepac.civation  appears  as  a  result  of  localized  acidification  (or  more 
precisely,  cep) cation  of  the  Otl~  ligand)  at  the  metal-solution  interface. 

Tn is  analysis  shows  that  there  is  a  critical  parameter,  X , a ,  for  passivity 
breakdown;  where  X  is  the  ion  diffusion  path  in  incipient  pits,  and  i,  the 
anodic  current  density  circulating  through  them.  Usually  the  value  of  the 
critical  parameter  is  lew,  typically  X.-J.  3  lO"1’  A.cm'l,  and  it  increases 
in  the  presence  of  buffers,  or  with  the  increase  of  pH  of  the  environment. 
The  existent o  of  this  parameter  shows  that  pitting  and  crevice  corrosion 
art  mechanistically  equivalent,  the  only  difference  being  the  size  of  the 
diffusion  path,  X.  The  pitting  potential  is  given  by  (2,3,4): 

Ep  =  E*  n  +  b  ; 

•where  is  the  corrosion  potential  of  the  metal  in  the  pit-ljke  solution, 
n  is  the  polarization  necessary  to  reach  the  critical  X. i  value,  and  $  is 
the  potential  drop  in  the  pit. 


In  the  case  of  SCC  the  three  most  frequent  mechanisms  found 

are : 

a)  -liquid  metal  embrittlement, 

b)  -hydrogen  embrittlement, 

and  c) -brittle  film  rupture  plus  anodic  dissolution. 

The  third  type  of  mechanism  is  frequent  with  ductile  metals  and  alloys 
that  are  protected  by  a  corrosion  film  and  exposed  to  environments  where 
electrochemical  corrosion  could  take  place.  The  intermediate  strain  rate 
technique  (ISRT) ,  used  in  our  laboratory,  has  shown  that  there  are 
numerous  cases  where  SCC  propagates  under  anodic  control  (5,6,7),  anodic 
dissolution  accounting  for  all  the  crack  velocities  found.  The  pechanism 
of  this  process,  at  an  atomic  level,  is  still  unclear.  Isotropic  slip 
dissolution  and  slow  repassivation  were  widely  suggested,  but  have  not 
been  confirmed  by  recent  experimental  results.  Cleavage  of  the  metal, 
triggered  by  the  cracking  of  an  anodicallv  formed  film,  has  also  been 
suggested,  but  does  not  fit  with  the  electrochemical  measurements.  Alter¬ 
native  mechanisms,  discussed  in  the  present  paper,  are:  1)  anisotropic 
slip  .  .up  dissolution;  and  2)  cleavage  of  an  anodically  formed  film,  where 
the  rate  of  crack  propagation  is  given  by  the  rate  of  formation  of  such  a 
film.  This  type  of  mechanism  could  be  operative  with  dealloved  films  and 
•.nth  thick,  anodically  formed  films.  No  cracking  should  be  found  in  the 
presence  of  thin  passive  films.  In  this  last  situation  only  low  aspect 
ratio  cracks  could  theoret ically  be  formed.  In  practice,  as  a  result  of 
tne  metallurgical  properties  of  the  metal,  ductile  failure  will  take 
place  before  any  measurable  crack  is  formed. 
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EFFECT  OF  ELECTROCHEMICAL  PROCESSES  ON  THE  INITIATION 
AND  PROPAGATION  OF  STRESS  CORROSION  CRACKS  IN  METALS 


E.  WENDLER  -  KALSCH 
Institute  of  Materials  Science 
University  of  Erlangen  -  Number g  (Germany) 


The  initiation  of  stress  corrosion  cracks  on  a  metallic  material 
occurs  as  the  result  of  a  preferred  corrosion  attack  on  localized 
microscopic  surface  sites.  The  condition  can  normally  be  observed 
following  the  formation  of  a  protecting  surface  layer,  which 
suffers  a  localized  breakdown  or  rupture  during  mechanical  stres¬ 
sing  of  the  metal  in  a  specific  corrosion  agent.  The  localized 
rupture  of  the  oxide  film  can  have  various  causes  and  is  largely 
determined  by  the  particular  metal/agent  corrosion  system  as 
shown  below  in  using  seme  typical  examples. 

Zr.  the  System  Cu70Zn30/aircnoniacal  solution,  crack  initiation  is 
determined  by  the  morphology,  structure  and  thickness  of  the  par¬ 
ticular  oxide  surface  layer  iCu-0  or  CuO)  and  its  possible  ef fre¬ 
on  t he  dislocation  motion  in  the  surface  areas  of  the  oxide-coa¬ 
ted  material. 
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form  at  several  centers  of  nucleation  along  with  FeCO-, 
tes  cn  the  steel  surface.  The  Fe^C^  crystal  agglomerates 
combine  to  procude  continuous  magnetite  layers  with  increa¬ 


sing  Jurat  ic-r.  and  degr  ee  of  anodic  polarization.  A  non-continous 
magnetite  surface  layer  with  FeCO^  precipitates  promotes  a 
pit ting-like  corrosion  and  on  simultaneous  tensile  loading  of  the 
steel  specimens  notch-like  transgranular  surface  fissures  appear. 
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In  the  potential  range  where  a  thick  magnetite  layer  forms,  Fe-,C 
precipitates  in  the  steel  retard  the  formation  of  oxide  resulting 
in  grooving  at  the  grain  boundaries  and  at  corbide/ierrite  inter¬ 
faces  within  the  pearlite  constituent,  ft  marked  susceptibility  to 
intergranular  stress  corrosion  cracking  is  observed  under  simul¬ 
taneous  tensile  loading  of  the  steels,  leading  to  a  considerable 
reduction  of  ductility  of  the  material  (Fig.  1) . 

By  further  increasing  the  anodic  polarization,  however,  a  highly 
continuous,  even  and  very  thin  passive  film  with  good  protective 
characteristics  is  formed.  Analogous  to  investigations  using  the 
rotating  ring-disc  electrode,  the  oxide  is  converted  in  this  case 
to  y-Fe^O^.  This  passive  oxide  not  only  protects  the  steels  against 
unif orm^overall  corrosion,  but  also  against  pitting,  intergranular 
corrosion  and  even  stress  corrosion  cracking. 

According  to  our  findings,  the  corrosion  protection  qualities  are 
not  only  caused  by  the  type  of  oxide  film  in  question  but  also  by 
the  repassivation  rate  at  which  the  surface  film  forms  or  ar.  which 
any  ruptures  of  the  protective  layer  can  repair  again.  Analyses 
of  the  current-time  transients  after  mechanical  activation  of  the 
steel  surface  have  shown  that  the  charge  density  Q  ,  i.e.  the  area 
under  the  repassivation  transient,  can  be  used  as  a  qualitative 
criterion  for  the  metal  dissolution  between  film  fracture  ana 
its  complete  repair: 


t 


•..here  i  is  the  current  density  of  the  active  steel  electrode,  a 
is  the  re  passivation  constant  and  t  is  the  repassivat  j.on  time. 
This  charge  density  is  dependent  onpthe  potential  attaining  maxi¬ 
mum  values  in  the  potential  range  of  stress  corrosion  cracking 
where  magnetite  surface  layers  form. 


'I-.e  ratio  of  the  charge  densi  ty  Q  and  the  repassivation  time  t. 
car.  be  used  as  u  qualitative  criterion  for  the  SCC- suscapt.ibi llty 
A  simple  relationship  between  the  crack  velocity  and  the  ratio 
0/t  car.  be  derived  from  Faradav  ‘  s  lav: 

p  P 


z  Y  p 


whore  M  is  the  equivalent  weight  of  the  metal  with  the  density  p, 
F  is  the  Faraday  constant  end  z  is  the  number  of  electrons  in¬ 
volved  in  the  reaction. 


As  Figure  2  shows,  the  consistency  of  the  measured  critical  poten¬ 
tial  range  for  SCC  and  the  range  predicted  on  the  basis  of  such 
passivation  data  enables  a  correlation  to  be  formed  between  the 
crack  propagation  rate  and  the  modified  faradaic  equivalence.  At 
tr.e  potential  threshold  between  the  formation  of  Fo304  and  y-FcOOC 
surface  layers,  the  SCC  susceptibility  sharply  decreases,  eventu¬ 
ally  disappearing .  This  behaviour  is  caused  by  tne  high  ropassi- 
vaticn  rate  of  the  rFeOOH  passive  films.  In  comparison  to  mag¬ 
netite  surface  layers,  the  y-FeOOri  passive  films  repassivate  at 
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a  high  rate  reaching  passive  current  densities  after  several 
milliseconds.  In  this  passive  range,  the  charge  density  Qp  and 
the  associated  amount  of  iron  dissolution  between  the  fracture 
of  the  protective  passive  film  and  its  complete  repair  attain 
very  small  values  and  this  can  prevent  localized  corrosion. 
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INTERGRANULAR  CORROSION  :  CHEMICAL  AND  STRUCTURAL  ASPECTS 

M.  FROMENT 

Physique  des  Liquides  et  Electrochimie,  LP  15  du  CNRS , 
associe  3  l'Universite  Pierre  et  Marie  Curie, 

4  place  Jussieu,  75230  PARIS  Cedex  05,  FRANCE. 


Intergranular  attack  of  metals  and  alloys  is  a  localized  corrosion 
phenomenon  induced  by  chemical  or  structural  heterogeneities  at  the  emergen¬ 
ce  of  grain  boundaries  on  the  surface  of  materials.  The  high  reactivity  of 
these  areas,  compared  with  these  of  the  bulk,  gives  rise  to  a  preferential 
anodic  dissolution. 

In  fact  three  types  of  heterogeneities  can  be  identified.  The  first 
one  concerns  the  intergranular  precipitations  which  have  been  specially 
studied  in  the  case  of  light  and  cnromium,  iron,  nickei  alloys'.  Precipita¬ 
tion  of  chromium  carbides  at  the  grain  boundaries  of  certain  alloys  (stain- 
Uss  steels,  nickel  oase  alloys...)  is  produced  during  welding  operations 
and  other  thermal  treatments  between  450  and  870°C.  Precipitations  cf  these 
chromium  carbides  at  the  grain  boundaries  remove  chromium  from  the  matrix 
adjacent  to  tne  precipitations.  Then  the  passivation  of  the  chromium 
depleted  area  is  no  longer  possible. 

The  investigation  of  sensitivity  of  steels  to  intergranular  corrosion 
is  based  on  the  use  of  classical  tests.  Sensitized  steels  are  immersed  in 
standard  solutions  (rluev  ,  Strauss...)  and  tne  intergranular  corrosion  is 
evaluated  from  weight  losses'.  Potentiodynanic  reactivation  of  passivated 
steels  was  proposed  some  years  ago  as  p  test  of  detecting  susceptibility 
to  intergranular  corrosion.  One  method"  was  based  on  the  selection  of 
experimental  conditions  in  which  differences  in  electrochemical  behaviour 
of  the  chromium  depleted  grain  boundaries,  the  precipitates  of  carbides  and 
the  grain  themselves  plays  a  role.  The  measurement  of  the  number  of  coulombs 
passed  through  the  cell  in  the  active  range  of  potentials  is  a  quantitative 
evaluation  of  the  sensibilization  of  the  alloy  to  the  intergranular  corro¬ 
sion.  In  an  another  test,  called  the  double  loop  test  ,  the  surface  is 
‘irct  polarized  anodically  through  the  active  region  before  the  reactiva¬ 
tion  scan  in  rne  opposite  direction  is  conducted.  In  this  test  the  degree 
of  sensibilization  is  measured  bv  determining  the  ratio  of  the  maximum 
current  generated  by  the  reactivation  scan  to  that  of  the  anodic  one.  Sorne- 
tests  allowing  a  rapid  identification  of  the  potential  range  where  the 
influence  of  intergranular  corrosion  or  intergranular  stress  corrosion 
cracking  can  be  avoided  have  been  also  proposed^. 

In  spite  of  the  development  of  alloys  with  low  carbon  or  nitrogen 
contents  tne  problem  cf  intergranular  corrosion  induced  by  precipitations 
remains  at  importance  specially  in  nuclear  energy  and  some  examples  will  be 
giver..  The  disposal  of  nuclear  wastes  for  long  periods  implies  the  suppres¬ 
sion  of  localized  corrosion  phenomena.  Intergranular  attack  requires  little 
or  no  induction  period  and  its  importance  can  be  tested.  However  during 
long  tilts  at  relatively  high  temperatures  and  under  intense  irradiation 
the  possibility  of  forming  a  new  phase  ti at  could  lead  to  intergranular 
attack  cannot  be  overlooked. 


Homogeneous  water-quenched  materials  free  from  intergranular  precipi¬ 
tations  are  also  susceptible  to  a  preferential  attack  of  grain  boundaries. 
Firstly  because  of  the  misorientation  between  to  adjacent  grains,  atomic 
positions  in  the  plane  of  the  grain  boundary  are  relaxed  in  new  positions 
where  energy  is  different  of  that  in  the  perfect  crystal.  These  new  posi¬ 
tions  are  the  active  sites  of  corrosion  at  the  emergences  of  the  grain 
boundary  on  the  surface.  Secondly  the  existence  of  relaxed  atomic  positions 
generally  favour  segregation  of  impurities  in  the  grain  boundaries  which 
codifies  the  forces  of  the  atomic  bounds®.  On  the  other  hand  solute  segre¬ 
gation  causes  a  major  charge  in  the  dislocation  structure  of  tha  grain 
boundary-.  These  modifications  of  the  grain  boundary  structure  can  increase, 
the  susceptibility  to  intergranular  corrosion. 

A  dissolution  model  has  been  developped  to  interpret  intergranular 
corrosion  in  ideal  conditions  of  high  dissolution  rate  and  in  absence  of 
anisotropic  phenomena'7.  This  model  allows  to  correlate  the  level  of  a  inter¬ 
granular  corrosion  evaluated  thanks  to  the  measurement  of  the  geometrical  cha- 
raccersitics  of  the  grooves  formed  at  the  emergence  of  the  grain  boundaries . 
For  a  quantitative  interpretation  potentios tatic  attacks  and  a  control  of 
the  quantity  of  electricity  passed  threw  the  cell  are  necessary. 

Unfortunately  the  relations  between  structure,  segregation  and  inter¬ 
granular  corrosion  phenomena  are  very  complex.  The  use  of  bicrystals  where 
level  of  impurities  has  been  carefully  controlled  is  very  interesting  to 
separate  the  effects  of  structure  and  segregation  in  intergranular  corro¬ 
sion.  The  study  of  stainless  steel  bicryscals  with  a  <  100  >  tilt  axis  shows 
a  correlation  between  the  importance  of  the  intergranular  attack  and  the 
atomic  arrangement  in  the  grain  boundary®. 

Until  now  segregation  phenomena  have  been  studied  with  polycrystalline 
materials.  It  is  well  known  that  segregation  of  sulfur,  silicon,  phosphorus 
influences  the  intergranular  corrosion  and  the  intergranular  hydrogen 
emtrict lement  of  iron,  nickel,  chromium  alloys.  The  dissolution  model  we 
have  <1  eve  lopped  is  able  to  follow  the  level  of  segregation  and  its  effect 
o;’.  the  preferential  attack  of  the  grain  boundaries.  Examples  will  be  dis¬ 
cussed  in  the  case  of  sulfur  and  silicon  segregation  in  nickel  and  phos¬ 
phorus  segregation  in  iron  base  alloys. 

The  effect  of  the  grain  boundary  structure  on  segregation  has  been 
discussed  in  the  Iitterature®.  It  seems  that  segregation  occurs  preferen¬ 
tially  in  high  energy  grain  boundaries  which  energy  can  be  more,  reduced 
rh...-.  !cw  ones.  Nevertheless  the  determination  of  precise  relations  between 
segrenatiun,  structure  an  corrosion  needs  a  direct  determination,  boundary 
by  1  '..mar/  of  their  structure,  level  of  segregation  and  corrosion  behaviour, 
s.rxv  is. It.-,  r.r.ve  he  an  recently  aia-ui  ir.  ultra  pure  nickel  doped  with  l! 
and  it  ppm  or  i fur .  The  structure  is  determined  by  TT>!  oo-vrvvri on..  „>id 
so/;:  er;at  i  cr.  is  evaluated  on  the  stme  thin  fo  >  Is  V  vialytital  STL;’  .'re.'. 
tn-.se  c  cserv.it  ions  it  c-n  be  tor.,  hided  that  general  boundaries  present  a 
c..  nt mucus  segregation  and  are  event ly  microetched.  Ti  c  special  grain 
;  -  :no  .ries  union  present  a  cotcidence  site  lattice  (specially  F.  -•  3)  dent 
fire  tent  segregation  nor  preferential  attack.  This  approach  seems  very 
:i  si  ns;  for  a  systematical  stud/  of  the  relations  between  structure, 
segregation  ana  intergranular  corrosion. 


Tntcrgr  u.ular  corrosion  of  steels  and  alloys,  Elsevier  1984. 
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CHARACTERIZATION  OF  ANODIC  OXIDES  BY  MODULATED  SPECULAR  REFLECTANCE 

SPECTROSCOPY 
C.  Gutierrez 

Institute  de  Qulmica  Flsica  "Rccasolano " ,  Madrid  (Spain) 


".he  technique  ef  Pulse  Modulated  Specular  Reilectar.ce  Spec- 
f*  occupy  (FMSRS)  (1)  measures  the  (mostly  minute)  charges,  ML  in 
Lhe  reflectance,  R,  of  a  specular  electrode  produced  by  a  (square- 
n-ove  or  sinusoidal)  modulation  of  the  potential  of  the  electrode, 
ir  values  of AR/R  lie  in  the  range  10-3-lo~6,  lock-in  amplifica- 
i.oii  and/or  signal  averaging  are  necessary.  Many  effects,  both  phy 
3 .  cal  and  chemical,  can  contribute  to  the  observed  &  R/R  signal, 
la i  goal  is  to  identify  the  valence  state  of  anodic  oxide  films 
in  metals,  and  especially  noble  metals.  For  that  purpose,  we  measu 
re  the  PMSR  spectra  of  the  said  anodic  oxides,  and  compare  the 
structures  that  appear  in  them  with  known  optical  spectra  of  the 
retai,  in  order  to  try  and  assign  a  PMSR  spectrum  to  a  given  oxide. 

In  the  case  of  iron  in  0.1M  NaOH,  the  results  have  been 
rather  good.  At  an  electrode  potential  of  +1.508  mV  vs_  RME,  we 
ave  been  able  to  resolve  a  broad  peak  between  2.3  and  3.0  eV  re- 
jerter.  by  Hara  and  Sugimoto  (2)  as  two  peaks  at  2.2  and  2.95  eV. 
kuhi  at  these  two  energies  had  been  observed  in  both  acid  and 
’.t-wtrai  media  and  at  about  the  some  potential  vs  RHE  by  Froelicher 
:•*.  al  (3).  The  two  transitions  have  been  identified  as  spin-flip 
rryetti  field  transitions,  (6  Ay  — ^  4E)  and  ( 3e*gt  ->  3egr  )  ,  res- 

‘  ct :  v  -  .y ,  ar.d  have  been  observed  m  the  absorption  spectra  of  sin 
tie  ciysttis  and  thin  crystalline  films  of  a-Fc^Oy  (4),  and  also 
.  r.  leaf  ance  spectra  of  ;-Fe20?  single  crystals  (5).  Therefore, 

.*  :ar.  be  c included  that  at  +1.500  n.V  vs  RHE  an  iron  electrode  is 
.vi re h  by  hematite,  probably  in  a  hydrated  form. 

-fie  -pec tram  at  +8  mV  vs  RriE  is  more  interesting .  It 

.:,iy  shews  maximum  at  3.85  eV,  .hied  near  .y  coiacidos  with  the  ab- 
•.orptinn  aege  of  wu.'trte,  1't.O  (o'.  It  is  latirrst,  ng  that  .  v.  also 
.decider;  with  .  r.e  peek  in  °MSR  spectra  of  p.t.-.si vat.eu  iron  at  pH 


1 C  5 '  mV  vs  :\HF,  taicu.'at  *i  by  extrauolatio  ,  of 
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elictrode,  although  e.u- 


cyc!  :n.c,  is  f :  rst  reported  by  Buckley  ar.d  Burke  (9).  The 
.-f  f  o  rt  concomitant  with  the  oxidation  arid  reduction 
i  -c  i  m  ik*  •.ri.i  .  •/.;  r.  cm  attractive  as  a  possible  display 
d'ittitn  ri  the  electrode  potential  change:;  the  oxida- 
tf  the  anodic  oxide;  those  change?}  involve  movement  or 
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protons  and/or  water  molecules,  and  therefore  the  effect  disappears 
at  higher  frequencies,  at  which  the  ionic  and/or  Molecular  enti¬ 
ties  can  not  follow  the  potential  modulation. 

We  have  found  that  there  is  a  linear  relationship  between 
the  wavelength  of  the  main  absorption  maximum  in  the  PMSR  spectrum 
of  a  voltammetric  peax  and  the  corresponding  peak  potential.  This 
is  valid  for  the  last  three  voltammetric  peaks,  in  acid,  neutral, 
and  alkaline  media.  We  have  not  beer,  able  to  find  an  explanation 
r or  this  behaviour.  It  is  definitely  not  due  to  an  interference 
effect,  as  the  position  of  the  absorption  maxima  was  independent 
of  the  thickness  of  the  anodic  oxide  film. 
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THE  CHLORINATION  OF  NAPHTHALENES  BY  TWO  PHASE 
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Since  Eberson  and  Helgee  first  demonstrated  the  anodic  nucleophilic  sub¬ 
stitution-  of  aromatic  molecules  by  two  phase  electrolysis,  these  reactions 
have  been  somewhat  of  an  enigma.  In  many  cases,  the  yield  of  substituted 
product  from  an  electrolysis  in  an  CH2CI2/H2O  emulsion  (using  phase  transfer 
catalyst  to  supply  nucleophile  to  the  organic  phase)  far  exceeds  that  from  the 
corresponding  reaction  using  a  single  phase,  aprotlc  medium.  Other  reac¬ 
tions,  in  contrast,  do  not  lead  to  the  expected  products  in  significant  yields. 
Moreover,  some  aspects  of  the  mechanism  of  these  reactions  remains  unclear. 
Hence  we  believe  that  very  detailed  studies  of  two  phase  electrolyses  are 
essential  and  in  this  paper  we  shall  discuss  an  investigation  of  the  chlorina¬ 
tion  of  substituted  naphthalenes. 

It  is  certain  that  such  two  phase  electrolyses  can  be  used  for  cyanation1 ’ 2 , 
acetoxylaticn3 ,  acyloxylatlou  in  general3,  and  chlorination1*  and  when  success¬ 
ful  have  many  attractive  features.  Nataly,  (i)  good  selectivity  (ii)  simple 
product  isolation  (iii)  clean  counter  electrode  chemistry,  H2  evolution 
(lv)  use  of  undivided  cell  (v)  reasonable  current  densities,  50—100  nA  cm-2 
( vi)  buffering  of  organic  phase  by  the  aqueous  solution  (vii)  uae  of  nucleo¬ 
phile  in  cheap  and  readily  available  fora  (viii)  relatively  low  cell  voltage. 
The  chemistry  involved  in  these  electrolyses  may  ho  understood  from  the  sketch 
in  figure  i.  In  practice,  however,  the  electrolysis  medium  is  an  emulsion 
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of  CH2CI2  in  H;0  and  it  is  likely  that  the  oxidation  occurs  within  a  continuous 
film  of  CH2CI2  on  the  anode  surface.  The  role  of  the  emulsion  is  to  exchange 
material  rapidly  with  the  film;  the  CH2CI2  supplies  the  reactant  and  extracts 
product  and  the  H 2 0  replenishes  the  nucleophile  and  removes  proton  as  well  as 
acting  as  a  low  resistance  pathway  for  current.  Certainly  in  some  re" - cor 


configurations  such  a  pattern  Is  enforced  . 

In  chlorination  reactions  it  should  be  noted  that  the  nucleophile  is  more 
readily  oxidised  than  the  organic  substrates.  Hence  the  success  of  the 
reaction  is  dependent  on  the  principle  of  flux  balancing6  to  prevent  Cl- 
reaching  the  anode  surface. 

In  this  paper  we  shall  discuss  both  preparative  experiments  and  investiga¬ 
tions  of  the  mechanisms  using  cyclic  voltammetry  in  CH3CN  .  We  feel  that  such 
experiments  are  relevant  because  of  the  anode  film  mechanism  discussed  above. 

The  key  data  is  reported  in  table  1. 

Vhe  data  fro.*,  the  preparative 
experiments,  carried  out  at  constant 
current  density,  show  that  reasonable 
selectivities  to  mocochiorlnated 
products  can  generally  be  achieved; 
the  exceptions  are  the  1-methyl  and 
1-slkoxy  derivatives.  In  these 
cases  ve  believe  that  the  chemistry 
of  the  cation  radicals  are  different. 

It  can  also  !**  seen  that  there  is  a 
correlation  between  the  consumption 
uf  substrate  after  2F  mol-1  and  its 
oxidation  potential  although  more 
complete  conversion  can  be  achieved 
by  continuing  the  electrolysis,  see 
figure  1.  Of  course,  at  very  high 
F  mcl_i,  the  uonochlorinated  product 
undergoes  further  chlorination. 

2  4  6 

The  peak  potentials  for  the  naphthalenes  studied  vary  over  a  broad  range 
and  comparison  of  peak  currouts  with  that  for  ferrocene  shows  that  multi-electron 
oxidation  occurs  in  the  absence  of  Cl”.  Figure  2  shews  cyclic  voltanmogramo  for 
I- f  iuoronaphthalene  (5  nil)  in  the  presence  and  absence  of  Cl~  (20  uM)  .  Curve  (a) 

srcws  the  effect  of  Cl”  on  the  oxidation  of  the  naphthalene.  It  can  be  seen  that 
vitl.  a  large  excess  of  Cl-  the  peak  for  1-1 luoronaphthaleae  is  not  observed  but  a 
product  is  ox id a rod  at  moro  pcoitlvo  potentials  (the  peak  potentials  for  the 
c-xid  .tinn  ai«  also  reported  m  table  1).  Curve  (b)  shows  the  influence  of  the 
pas:  five  pot  coital  limit  ca  too  C).;.  reduction  pieak.  Clearly  Cl*  decs  not  react 
v  ttr  tc-  naphthalene  hut  t.ilB  peas  is  diminish -d  by  sweeping  into  the  naphthalene 
oxj.st.tion  process  Thin  also  produces  u  new  peak  at  +0.1V  presumably  lor  the 
oxidation  ot  a  reaction  intermediate. 
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ELECTROORGAN IC  SYNTHESIS  USING  MEDIATORS 
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In  the  electroorganic  reactions,  the  generation  of  active  species  by 
the  direct  electron  transfer  between  electrode  and  substrates  is  highly 
controlled  by  the  oxid  "ion  and  reduction  potentials  of  the  substrates.  When 
the  oxidation  and  reduction  potentials  of  a  substrate  are  beyond  the  range 
accessible  by  the  usual  technique  of  electrochemical  reaction,  the  direct 
electron  transfer  between  the  substrate  and  electrode  is  not  expectable  and 
hence  it  is  necessary  to  devise  some  other  method  to  oxidize  or  reduce 
the  substrate.  Also,  even  if  the  oxidation  and  reduction  potentials  of 
substrates  are  in  the  accessible  'range  of  the  electrochemical  method,  it  is 
more  desirable  to  oxidize  or  reduce  the  substrates  with  using  some  indirect 
method  at  much  lower  potential  than  that  applied  in  the  direct  method. 

The  electroorganic  synthesis  using  mediators  has  been  devised  to  actualize 
these  ideas.  The  oxidative  reaction  system  using  a  mediator  is  schematically 
represented  in  Figure  1. 


Fig.  1.  Ar.odic  Oxidation 
Using  Mediators 

S;  Substrate,  P;  Product, 
Mj-gj  and  MQX  ;  Mediators 


'..hen  the  oxidation  potential  of  a  sub 
t.cssible  by  the  electrochemical  method, 

:  anode  hardly  takes  place.  On  the  other 
Jtenciai  thin  S  is  added  to  the  reaction 
-jY  takes  place  prior  to  the  oxidation  of 
sidize  S  tc  the  product  P  and  Mox  itself 
Lth  3,  the  oxidation  of  S  will  be  achieve 
r, we r  potential  than  that  necessary  in  the 
recj  lor  Mox)  is  r.atred  a  mediator.  Our  su 
or, terns  applicable  tc  organic  synthesis, 
dsults . 


strate  S  is  beyond  the  range 
the  direct  electron  transfer  from  S 
hand,  when  M  .  oxidizable  at  lower 
system,  the  oxidation  of  Mrecj  to 
S.  Provided  that  MgX  is  able  to 
is  reduced  to  Mrecj  by  the  reaction 
d  with  a  catalytic  amount  of  Mretj  at 
direct  oxidation  of  S  (Figure  1). 
bject  is  to  exploit  new  mediatory 
This  paper  describes  the  following 


Transformation  of  Hydroxy  Group 

1.  The  oxidation  of  secondary  alcohols  to  ketones  was  effectively 
achieved  by  using  KI  as  a  mediator.' 


R'R  CHOH 


rVoo 


2.2-1 


2.  Primary  alcohols  gave  the  corresponding  esters. 

M 


2RCH2OH 


RCCLCH-R 
l  2 


3.  The  mixture  of  aldehydes  and  primary  alcohols  yielded  mixed  esters. 


r’cho 


R"CH2OH 


R  CHOCH,R2 
t  2 
OH 


hj  +  ii 


R  COCH.R2 

I  2 

0 


N-Hydroxy amines 
icdor.ium  cation 


R 


OH 


were  transformed  ro  nitrones 
elect  regenerated  from  iodide 


0 


through  oxidation  with 
ion . 2 


3  . 


With  using  N'aCl  as  a  mediatpr,  aldoxiraes  were  converted  to 
the  corresponding  nitriles."* 

tty”  II 

P.-CH-N-OH  - *■  R-Ch 


T ransfortiat  ion  of  Amines  and  Amides 

1.  Primary  amines  were  converted  to  nitriles  by  using  bror.onium  cation 
as  the  oxidizing  agent.3 


RCH,NK,  — ►  (  RCH^VHBr  ]  RCH=NH 

-  Bt~ 


"Br  " 


rr 

"Br '  " 


RCH=N-Br 


-  2e 


-  2e 


Nitriles  were  obtained. from  amino  acids  or  amino  esters  by  using 
bromine  as  a  mediator. 


"Br 


2,  H.CHtCHCO.CH. 
6  3  2 1  2  3 


I 

NH„ 


C.H.CH.CN 

O  J  l 


"5r  " 


C, H.CH.CHCO^H 
o  5  2  | 


C. H-CH-CN 
b  3  l 


Nil, 


The  mathoxy lat ion  of  carbamates  at  the  position  'X  to  nitrogen  could 
be  achieved  through  the  reaction  with  ''Cl*'"  in  methanol.*3 


.  u  ,Cf 


h'3 - 1 

J — 


Ci 


CO, 2H, 


CH  ,0  ,!3 

3  -  :<Y  i  , 

CO  2c;:3 


Iransformition  of  F.nolic  Ccir.oouc.ds 


1.  L.r. amines  were  converted  to  asiino  ketones  through  a  reaction  pathway 
involving  tearr a n gome at.' 


2.2-2 


r’ch=chnr2r3 


1  2  3 

R  C  CH.NR  R 

l  2 


The  hydroxvlation  of  carbonyl  compounds  at  the  a-position  could  be 
carried  out  through  oxidation  with  iodonium  cation  in  methanol. 


R-  0 

1  l  "3 

R  — CH - C— R 


R  OCH. 

1  •  I  33 

K  — C - C— RJ 

I  I 

OH  OCH3 


(R  «*  H  or  alkyl) 


3.  x-Amino  aldehydes  were  obtained  from  enec2rbamates  by  using  iodonium 


cation  as  the  oxidizing  agent. 


'-^nhco2ch3 


RY^NHC02CH3  BY^0CH3 


CH  OH  R  OCH3 
OCH  — M  ' 
\7  NH  OC.H- 

L2CH3.  '°2CH3 


Anodic  oxidation  Using  Pb  Salts  as  Mediators 


H0y'C02bu 


H0^C02Bu  0.1  eq.  Pb(OAc)., 

in  AcOH 


CliC— C02Bu 
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RECENT  ASPECTS  OF  INOIRECT  REDUCTIONS  AND  MIXED  ELECTROLYSES. 


3acques  SIMONET 

Laboratoire  d'Electrochimie,  U.A.  CNRS  n°  439, 
Universite  de  Rennes  I  -  Campus  de  Beaulieu 
35042  -  RENNES  Cedex  (France) 


A  general  survey  on  the  formation  at  the  cathode  of  reducing  reagents 
(anions  radical,  dianions)  and/or  nucleophiles  of  which  the  reactivity  is  dis¬ 
cussed  in  terms  of  either  electron  transfers  or  nucleophilic  displacements. 

It  is  proposed  to  focus  especially  the  attention  on  the  following  reac¬ 
tions  : 

-  mixed  electrolyses  in  the  presence  of  0.,  and  CO.,  (expected  reac¬ 
tions  and  unusual  results) 

-  reactivity  of  tosylates  (indirect  cleavage  in  specific  deprotec¬ 
tion  reactions  or  use  as  electrophiles) 

-  redox  catalysis  of  dienes  and  trienes  (why  a  catalysis?) 

-  use  of  conductive  sulphur  solid  electrodes  for  the  introduction 
of  &  S  element  in  organic  molecules 

-  cathodic  reactivity  of  tertiobutv lhal ides  towards  activated  ole¬ 
fins  and  tne  selectivity  of  those  new  reactions 

-  spin  trapping  associated  to  redox  catalysis. 

The  natter  of  the  lecture  corresponds  essentially  to  the  following  refe¬ 
rences  : 

-  3.  SIMONET  et  G.  tE  CHIlL ANTON,  Bui).  Soc.  Chin.  Fr.,  1965,  160. 

-  P.  MARTIGNY  and  3.  SIMONET,  3.  Clectrcanal.  them.,  1983,  )4S.  51. 

-  P.  MARTIGNY,  3.  SIMONET,  G.  M0US5ET  et  3.  SIMONET,  Nouv .  3.  Chim. , 
1984,  (S),  217. 

-  G.  LE  GUILL ANTON,  Q.T.  DO  and  3.  SIMONET,  them.  Como.,  to  tie  published 

-  k.  BCU3LFL  and  3.  SIMONET,  Tetraticoron  Lett..,  in  press. 


STRUCTURAL  CHANGES  ASSOCIATED  WITH  THE  ELECTRODE  REACTIONS  OF 
HIGHLY  HINDERED  ORGANIC  COMPOUNDS 


D.  H.  EVANS 

Department  of  Chemistry,  University  of  Wisconsin-Madison 
Madison,  Wisconsin  53706  (U.S.A.) 


Different  conformations  of  a  molecule  should  possess  different  electrochemi¬ 
cal  properties.  However,  it  is  not  immediately  evident  that  the  differences 
will  be  large  enough  to  allow  resolution  of  distinctly  different  electrode 
reactions  for  two  or  more  different  conformations.  Thus,  it  is  of  considerable 
interest  that  a  number  of  examples  have  been  discovered  in  which  separate 
electrode  reactions  of  different  conformations  can  be  detected. 

An  early  example  was  found  during  studies  of  the  oxidation  of  cyclic  tetra¬ 
alkylhydrazines.  These  hydrazines  can  be  electrochemically  oxidized  in  a  one 
electron  process  to  the  rather  stable  radical  cation,  when  the  oxidation  was 
studied  at  low  temperatures,  two  separate  oxidation  peaks  were  observed  by 
cyclic  voltammetry.  These  turned  out  to  be  the  voltammetric  peaks  for  the 
two  dominant  conformations  of  the  six-membered  ring  tetraalkylhydrazines,  one 
conformation  with  two  equatorial  alkyl  groups  and  one  with  one  axial  and  one 
equatorial  alkyl  group.  Low  temperatures  were  required  to  resolve  the  two 
reactions  because  the  conformational  interconversion  was  very  rapid  at  room 
temperature  so  the  process  would  proceed  entirely  by  way  of  the  more  easily 
oxidizable  conformation  under  such  conditions. 

For  the  tetraalkylhydrazines  the  factor  which  caused  a  measurable  difference 
in  oxidation  potential  to  exist  for  the  two  different  conformations  was  the 
large  difference  in  their  standard  heterogeneous  electron  transfer  rate 
constants.  Thus  the  overpotential  for  oxidation  of  one  conformation  was 
significantly  different  than  that  of  the  other. 

kinetic  factors  of  this  type  are  at  work  in  several  other  cases  of  conforma¬ 
tional  effects  on  electrode  reactions.  Frequently,  however,  the  basis  for  the 
observed  differences  is  of  a  thermodynamic  origin,  i.e.,  the  standard 
potential  for  an  electrode  reaction  of  one  conformation  differs  from  that  of 
the  other.  Thermodynamic  factors  are  prevalent  in  the  numerous  organometallic 
systems  which  have  been  investiaated .  In  these  cases,  one  is  dealing  with 
isomers  rather  than  conformations.  Both  conformational  change  and  isomeriza¬ 
tion  are  examples  of  structural  changes  associated  with  electrode  reactions. 

Structural  effects  may  be  manifested  prior  to  electron  transfer,  following 
electron  transfer,  concurrently  with  electron  transfer  or  seme  combination  of 
ail  tnree.  Tn  the  case  where  structural  change  follows  electron  transfer,  the 
process  can  l.e  an  electron-transf er-induceu  isomerization  where  the  product  is 
an  isomerized  reduced  (or  oxidized)  form  of  the  reactant.  Electron- transfer- 
catalyzed  isomerization  can  also  occur.  Here  an  unusual  ordering  of  standard 
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potentials  permits  isomerization  of  the  reactant  with  little  net  consumption  of 
charge . 

Some  of  the  most  interesting  examples  of  the  structural  consequences  of 
electron  transfer  reactions  have  been  observed  for  a  series  of  molecules  which 
may  be  regarded  as  highly  hindered  ethylenes.  The  bianthrones  and  related 
compounds  exist  in  two  distinct  structures  whose  free  energies  are  similar 
enough  to  allow  conversion  from  one  form  to  the  other  by  thermal  means. 

Similar  structural  changes  can  be  induced  by  reduction  or  oxidation  of  the 
compounds.  The  inherent  simplicity  of  the  structural  changes  and  the 
felicitous  reversibility  of  the  electrode  reactions  have  allowed  a  surpri¬ 
singly  complete  thermodynamic  and  kinetic  description  of  the  processes  to  be 
developed. 

Structural  changes  of  various  types  are  being  discovered  frequently  in  the 
investigation  of  electrode  reactions  and  their  full  characterization  is  being 
increasingly  recognized  as  an  important  element  in  detailed  electrochemical 
k  met  ics  . 


SELF  PROTONATION  REACTIONS  IN  ORGANIC  ELECTROCHEMICAL  PROCESSES 


E.  Vianello 

Dipartimento  di  Chimica  Fisica ,  35131  Padova  (Italy) 


In  the  course  of  the  electrochemical  reduction  of  organic  molecules, 
charge  transfer  reactions  are  quite  generally  associated  with  proton 
transfer  steps.  Although  in  dipolar  aprotic  solvent  the  basic  reaction 
intermediates  (anion  radicals,  carbanions,  dianions  etc)  are  often  relati¬ 
vely  staole,  residual  water,  acidic  impurities,  tetraalkylammonium  cations 
and  the  solvent  itself  may  act  as  proton  donors  towards  them.  An  intere¬ 
sting  situation  arises  when  the  starting  (parent)  molecule  is  the  strongest 
acid  present  in  the  medium.  In  such  a  case  an  intermolecular  proton  tran¬ 
sfer  from  the  latter  to  the  basic  intermediates  may  occur,  giving  rise 
to  a  self-protonation  mechanism.  Several  examples  have  been  already  re¬ 
ported  of  this  type  of  father-son  reaction,  which  is  probably  more  fre¬ 
quent  than  it  is  generally  recognized  Clj-  In  fact  self-protonation  may 
be  observed  not  only  with  organic  molecules  bearing  relatively  strong 
acidic_moieties  1.21  but  alto  with  rather  weak  proton  donors  such  as  CH 
acids  .3]  . 

When  self -protor.ation  involves  the  primary  anion  radicals,  the  reaction 
sequence  most  frequently  observed  is  the  following: 


AH 

+ 

e 

— * 

AH' 

AHr 

+ 

AH 

ah2 

+  A~ 

ah; 

e 

ah2 

and/or 

AH’ 

■f 

AH~ 

— *• 

AH2 

+  AH 

ah" 

+ 

AH 

AH3 

*  A* 

AH  +  ( 2/3) e  — >  (2/3) A  +(1/3)AH3 

The  overall  stoichiometry  involves  the  exchange  of  2^3  of  electron  per 
n.iecuie,  conversion  of  1/3  of  the  parent  compound  into  the  dihydrogenera  - 
t.:- 1  prcduct  and  2/3  into  its  conjugate  base.  When  the  parent  molecule  bears  a 
tucleofucic  moiety,  self-protonation  leads  to  a  slightly  different  stoichio- 


AHX 

♦  e  — ► 

AHX' 

AHX ; 

— » 

AH' 

*  x" 

AH' 

♦  G  - V 

ah" 

and/or 

AH’ 

+  AHX  — » 

AH 

+  AHX 

ah" 

+  AHX  — * 

ah2 

*  AHX  ” 

AHX  ♦  e  — k  il/2)A!l  +(1/2)AHX  ->X 

' !  e  anion  AHX  being  in  some  cases  rather  unstable  [_4j. 


rC'i  ryji  v 
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Occurrence  of  self-protonation  is  thus  evidenced  by  controlled  potential 
macroscale  electrolysis  through:  i)  the  presence  of  the  conjugate  base  of 
the  substrate  among  the  products;  ii)  the  apparent  coulometric  value  being 
lower  than  that  expected  according  to  the  charge  transfer  stoichiometry. 
However  a  detailed  kinetic  analysis  is  required  for  identifying  the  basic 
species  which  actually  react  with  the  parent  molecule,  for  assigning  the 
rate-controlling  steps  and  for  determining  the  pertinent  rate  constants. 

Such  an  analysis,  carried  out  mainly  in  the  conditions  of  cyclic  voltamme¬ 
try,  is  presented  and  the  theoretical  results  utilised  for  the  determination 
of  the  kinetic  parameters  of  several  electroorganic  reactions  undergoing 
self -protonation . 


[1]  C . Amatore ,  G.Capobianco,  G.Farnia,  G.SandonA,  J.M.Sav<5ant,  M.G.Severin, 
and  E.Vianello 

J .Am.Chem.Soc . ,  107 ,  1815  (1985)  and  references  therein. 

[2]  EBrillas,  G.Farnia,  M.G.Severin  and  E.Vianello,  in  the  press. 

[3]  C. Arevalo,  G.Farnia,  M.G.Severin  and  E.Vianello,  in  the  press. 

jlJ  F.Maran,  E.Vianello,  G .Cavicchioni  and  F.D'Angeli 
J.Chem.Soc.,  Chem. Common .  660  (1985). 
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ELECTRODE  KINETICS  AND  SELECTIVITY  . 
OF  ORGANIC  ELECTROSYNTHESIS  REACTIONS 


Hartmut  WENDT 

Inst.  f.  Chem.  Technologie,  TH  Darmstadt 
Petersenstr.  20,  D-6100  DARMSTADT/Fed . Rep. Ger . 


Usually  electroorganic  synthesis  reactions  are  inherently  rel¬ 
atively  unselective  because  initially  generated  radicals  and 
radical  ions  are  so  reactive  that  they  are  able  to  react  si¬ 
multaneously  with  any  reaction  partner  accessible  to  them  at 
the  electrode,  /electrolyte  interface  or  close  Co  electrode¬ 
surface  in  the  reaction  layer. 

The  aim  of  the  organic  electrochemist  and  the  electrochemical 
engineer  is  therefore  to  increase  the  selectivity  by  rationally 
altering  the  process  parameters.  This  demands  a  knowledge  of 
electrosorption  effects  and  of  relationships  between  mass 
transfer  and  chemical  reaction  rates  of  competitive  reactions 
which  precede  either  at  the  electrode-surface,  provided  at 
least  one  of  the  reactants  is  reacting  in  the  adsorbed  state, 
or  in  the  reaction  layer,  where  homogeneous  reactions  of  reac¬ 
tive  intermediates  competes  with  diffusion. 

If  a  reactive  intermediate  - "  (which  as  a  radical  ion  is 
formed  by  a  one-electron-charge  transfer  according  to  (1) 

+ 

(1  )  S  -  e”  -  S'* 

reacts  with  three  different  reactants  R  ,  R,f  R  to  form  via 
three  intermediates  I  ,  I2  and  I5  J  eventually  the 

three  products  PJf  P2  and^  P3: 

-  kl 

(2a)  S  ♦  Rx  I>  — 

1  *2 

(2  b)  S  ♦  R2  -h*-  I2  — P2 

1  k3 

(2  c)  S  +  R3  I3  — <*-  P3 

then  the  selectivity  y.  of  the  ith  product  is  given  by: 

_  1  'n 

y  =  N(Pi)/ZT  N(Pj)  -  k.*c(R.)/JEII  k.c(Rj) 

J " 1  1  1  J  - 1  J 


(3  ) 
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so  that  k  '  c(R  )  for  the  relevant  consecutive  reaction  fol¬ 
lowing  th£  first1charge  transfer  is  the  most  important  factor 
determining  the  selectivity  y  .  .  Since  rate  constants  -  espe¬ 
cially  if  they  are  close  to  diffusion  controlled  can  be 

chang ed  only  little,  the  most  important  issue  for  improving  the 
selectivities  is  to  find  optimal  process-parameters  which  in¬ 
crease  the  reactant  concentration  c(R  )  of  the  desired  reac¬ 
tant  and  to  decrease  the  concentration^  of  all  other  compet¬ 
ing  reactants.  As  a  well  investigated  example  will  so^rye  ttie 
addition  of  anodically  generated  radicals  to  olefins  . 


X  -  e 


(4  a)  2  X‘ 


(5)  X‘  ♦  C  =  C  »X  -  C  -  C' ;  (5  a)  2fX  -  C  -  C‘) 

'  v  1  »  i  • 

•  i  ii 

(51)  X  -  C  -  C  -  ♦  X-  — —  X  -  C  -  C  -  X 


(X  -  C  -  CK 

l  i  2 


ir.  order  to  avoid  the  undesired  annihilation  reaction  (4  a)  the 
stationary  radical  concentration  c(X‘)  must  be  lowered  and  the 
concentration  of  the  scavenger-olef m  c (olefin)  must  be  in¬ 
creased  as  far  as  possible  ui  the  reaction  layer.  Both  can 
oe  established  by  reducing  the  current  density  for  X' -genera¬ 
tion  us  far  as  technically  sensible  and  to  increase  the  bulk- 
orncontraticn  of  the  scavenger  as  far  as  technically  feasible. 
For  this  type  of  reaction  an  adimensional  quantity 

(k  *  c  (clef ) ) 'i/ 2  F  ’  D1/2/  (i  *  k,.  )=  (AD  (7).  ))  determines  the 
and.  dun  (a** 

selectivity  in  so  far  as  selectivities  of  more  than  90  %  are 

ootair.ed  whenever  this  adimensional  quantity  is  higher  than  20. 

(F lg.  1 : )  x- 


O'”  a1  t  *  c‘  c  • 

c  W  .  /moi#’1  A"  L-d'1 

F.t  1  T.nai  .jrrem  .itld  of  .oir.poundj  -irrvm*  tudo  »roupj  Jipcndt.n  cr  i  .  inixiel 

urv«  IwJI'lO  W  h  •*,- IOnW-  «  .  of  M 

,po.,a  turned  to  *  <mui  Ol.i-IO'1  ibi  ratio  tf  dimer  10  m.  m-nter  *urreni 

J«p«ndecl  nr.  I.  t»!  durrer.t  efftocn..*  ■  -  *  k  ;  i xieoted  .  an-et  0  Hi  0  IS  "  2S.  ■  -  .^.«rui 

and  .a  •  -  j  -  ...rren,  neid»  for  mi.r.onxr  /  and  dimer  II  dependent  nr.  .  ' •  !•*  *  .  *i 

-  •  ;  h  ,  s .  .  -  *  )  i  W 
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A  different  situation  prevails  whenever  the  consecutive  reac¬ 
tions  following  the  initial  charge  transfer  are  true  hetero¬ 
geneous  reactions  which  precede  at  the  electrode  surface  and 
in  which  at  least  one  reactant  or  both  reactants  are  adsorbed 
species.  In  such  cases  the  most  effective  means  to  increase 
the  selectivity  of  a  given  reaction  is  to  look  for  electrode/ 
electrolyte  combinations  which±offer  optimal  adsorption  con¬ 
ditions  for  both  reactants  (S  and  R  )  and  to  establish  for 
the  optimal  electrode/electrolyte  combination  optimal  coverage 
conditions  for  R  j  which  usually  means  to  establish  highest 
stationary  concentrations  of  R  in  the  immediate  neighbourhood 
of  the  electrode. 

The  anodic  oxidation  of  olef ins5' ’ which. if  performed  in  alco¬ 
hols. may  yield  -  by  a  heterogeneous  reaction  -  either  1-2 
diolethers  or  dimeric  1-4  diolethers  may  be  optimized  either 
with  respect  to  the  dimer  at  electrodes  like  carbon  where  ad¬ 
sorption  condition  for  the  olefin  are  optimal. 
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or  with  respect  to  the  1,2-diol  at  electrodes  where  the  sol¬ 
vent-alcohol  adsorbs  more  strongly  than  the  olefin  and/or 
where  due  to  depletion  of  the  olefin-concentration  at  the  elec¬ 
trode  surface  its  surface-concentration  is  much  lower. 


, 1/  H. Wendt,  Ar.gcrw . Chat . Intern . Ed . Er.gl . 2 1  (1982)  256;  12/  K. Schafer, 
A.Alazrak,  Ancew.Chem.  80  (1968)  435;  /37  V. Plzak,  Wendt,  Ber.  Bunsen - 
c.physik.Char..  83  (1975)  481  ;  /4/  H. Wendt,  V.Plz&k,  J-  clectroanal.Chcan. 

(1533)  13;  ’  5'  V.  Plzak,  H.  Wendt,  J.  electroanal.Cmn.  154  (1933'  29; 
ro,  V.  plzak,  H.  Wendt,  J.elcctroenol.  Chan.  _130  ( 1964 1  185;'  /?  /C .  An  a  tore , 
J.M.  Saveant,  J. elec troon.il. Claim.  123  (19811  l</5;  /3/  ii.Sch'ifer,  H.  f u.\:k- 
ror.,  Tr.gev.Cher..  31_  (1969)  932;  /9/  V.Plz.Ck,  H. Schneider,  H. Wendt,  Bet. 
d-r.scnges . pny six  .Ch  ur .  "_8  (1974)  1  3,3. 
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MODIFICATIONS  OF  ELECTROCATALYST  SURFACES  BY  ELECTROCHEMICAL  PROCEDURES 

A . J .  Arv i a 

Instituto  de  Investigaciones  Fisicoqufmicas  Teoricas  y  Aplicadas  -  (INIFTA) 
Casilla  de  Correo  16,  Sucursal  4,  (1900)  La  Plata,  ARGENTINA 


Different  non-e 1 ec trocnemi  ca  1  procedures  produce  changes  in 
the  surface  structure  of  metals,  Faceting  effects  on  metal  sur¬ 
faces  are  accomplished  by  means  of  adsorption  of  molecules  from 
the  gas  pnase,  by  chemical  etching,  by  thermal  treatments  and  by 
surface  ionic  bombardment,  Through  chemical  etching  surface  la¬ 
yers  including  those  metal  layers  altered  by  a  mechanical  treat¬ 
ment  such  as  polishing,  can  be  removed;  and  through  this  proce¬ 
dure  the  e.nancement  of  faceting  of  polycrystalline  metals  can 
be  achieved.  On  tne  other  hand,  thermal  treatments  are  used  to 
eliminate  the  effects  and  residual  tensions  and  to  change  grain 
size  distribution. 

Very  recently  various  electrochemical  procedures  to  change 
tne  surface  structure  of  solid  metal  electrodes  have  been  dis¬ 
covered.  The  first  method  consists  in  applying  to  the  electrode 
fast  e 1 ectroadsorpti on/elec trodesorpti on  cycles  by  means  of  a 
periodic  potential  signal,  which  covers  the  potential  range  of 
water  underpotential  uecompos i ti on  (procedure  1)^-2. 

A  second  method  combines  the  electroadsorption/electrode¬ 
sorption  cycles  with  thermal  treatments  (procedure  2 )  ^ . 

The  electrode  surface  can  also  be  chanaed  by  means  of  fast 
electrooxidation  and  e 1 ec t roreduc t i on  cycles  coverinn  a  potential 
range  much  greater  than  that  corresponding  to  the  oxygen  mono- 
layer  formation  (procedure  3)^.5 

Finally,  similar  effects  can  be  obtained  by  means  of  modulat 
ed  e 1 ec t rodepos i t i on  of  metals  (procedure  4)6. 

In  all  these  cases,  the  surface  changes  can  be  followed 
vo 1 tamme t r i ca 1 ly .  Procedure  1  was  used  at  room  temnerature  in 
aqueous  acid  solution  to  change  po  1  yc  ry  s  t :  '  1  i  r.  e  platinum  either 
into  a  platinum  surface  with  (100)  crystallographic  orientation 
or  into  a  recons  true  ted  (111)  crystallographic  orientation, 

depending  on  the  characteristics  of  the  Dotential  perturbation 
(upper  and  lower  potential  limits  and  frequency).  The  same  proce 
dure  was  used  to  change  the  cry s ta 1 1  op ra ph i c  orientation  of  gold, 
rhodium  ar.d  nickel  electrodes;  the  latter  being  apDlied  in  alka¬ 
line  solution^. 

Procedure  2  was  employed  in  molten  potassium  bisulphatc  and 
molten  sodium  potassium  bisulphate  mixtures  in  the  180-30  0  =  C 
range  to  obtain  a  reconstructed  platinum  (111)  preferred  crystal¬ 
lographic  orientation  from  polycrystalline  platinum-*. 


i 


Procedure  3  was  applied  in  acid  solution  at  room  temperatu¬ 
re  to  enhance  the  (111)  preferred  crystallographic  orientation 
of  platinum  and  to  approach  an  equilibrium  distribution  of  the 
crystallographic  orientation  of  gold  from  po lycrysta  11  i ne  gold**. 

Procedure  4  results  useful  to  electrodeposit  (111)  and  (100) 
preferred  crystallographic  oriented  platinum  from  the  polycrys¬ 
talline  metal  by  setting  the  electrodeposition  conditions  at  a 
potential  of  net  electrodeposition  under  a  square  was  modulation 
of  the  order  of  1  V  at  a  frequency  in  the  order  of  kHz^. 

The  crystallographic  orientation  effect  becomes  very  remark_ 
able  when  the  periodic  potential  perturbation  in  all  the  proce¬ 
dures  is  greater  than  2,5  kHz.  Under  these  circumstances  addi¬ 
tional  effects  such  as  surface  roughness  and  sintering  are  ap¬ 
preciably  diminished^. 

The  preferred  oriented  electrodes  were  also  used  to  electro 
oxidize  different  adsorbed  residues  resulting  from  different 
molecules  (carbon  monoxide,  carbon  dioxide,  formic  acid,  metha¬ 
nol,  etc.).  The  corresponding  e 1 ec t rodesor p t i on  vol tammograms 
are  remarkably  dependent  on  the  metal  substrate,  solution  compo¬ 
sition,  adsorption  potential  and  adsorption  time*®. 

The  present  results  suggest  that  the  restructuring  and 
faceting  effects  coning  out  from  po 1 y c ry s ta 1 1 i ne  platinum  are 
closely  similar  to  the  different  states  reported  from  single 
crystal  platinun  electrodes  during  restructuring,  It  is  suggest¬ 
ed  that  common  surface  structures  under  true  crystallographic 
equilibrium  can  be  obtained  either  from  polycrystalline  or  sin¬ 
gle  crystal  platinum.  This  idea  can  be  extended  to  the  electro¬ 
chemical  behaviour  of  other  metals  used  in  electrocatalysis. 
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There  appears  at  the  present  time  to  be  a  strong  reluctance  to  accept 
the  fact  that  redox  processes  involving  only  insoluble  materials,  such  as 
metals,  oxides  or  hydroxides,  in  an  aqueous  environment  exist  in  other 
than  a  neutral  state.  Thus,  some  typical  well  known  metal  oxidation  and 
oxide  charge  storage  reactions  are  generally  represented  as  follows: 

Pt  «■  H20  =  PtCH  *  H+  ♦  e~  (1) 


NiO.OH 


H  +  e 


Ni  (OH)  2 
MnOOH 


In  each  case  here,  since  the  number  of  electrons  and  protons  are  equal, 
the  reversible  reduction  potential  should  shift  by  the  factor  2.303  RT/F  V 
per  unit  change  in  solution  pH  (pH-independent  scale)  or  show  a  zero  shift 
in  terms  of  the  RHE  scale.  Such  behaviour  is  observed  with  compact,  non- 
hydrous,  oxide  electrode  systems,  e.g.  the  well  known  Hg/HgO/OH”  reference 
electrode. 

It  is  necessary,  however,  to  distinguish  between  compact  and  micro- 
dispersed  (or  hyper-extended)  oxide  systems.  The  latter  are  low  density 
naterials,  usually  prepared  by  electrochemical  or  base  precipitation 
techniques  in  an  aqueous  environment.  They  may  be  viewed  as  aggregates  of 
hydroxy  species,  i.e.  a  loose,  weakly  cross-linked  polymer,  premiated  by 
the  aqueous  phase  in  which  reside  the  counterions.  These  materials  can 
also  be  viewed  as  regular  oxide  lattice  species,  e.g.  rutile,  in  which 
most  of  the  bridging  oxygen  (M-O-M)  linkages  have  become  hydroxylated  - 

the  lattice  dilating  as  the  material  imbibes  water.  While  such  a  process 

is  scarcely  feasible  in  the  case  of  a  thermally  prepared  oxide,  e.g.  Ru02 , 

it  probably  plays  a  crucial  role  in  metal  dissolution  reactions  where  the 

conversion  of  compact  to  hydrous  oxide  appears  to  be  essential  if  passivat¬ 
ion  of  the  substrate  is  to  be  avoided  or  removed. 

The  difference  in  redox  behaviour  between  anhydrous  and  hydrous 
oxides  was  first  noted  in  cyclic  voltammetry  work  with  gold  [1,2].  The 
potential  required  to  reduce  the  hydrous  deposit  dropped  by  a  value  of  ca. 
3/2(2.303  RT/F)  V  per  unit  increase  in  solution  pH  and  conventional 
electrochemical  analysis  (based  on  the  assumption  of  a  Au(III)  cation  and 
GIT  ligands)  suggested  that  the  hydroxy  complex  involved  was  [Au2(OH)gJ3* 
cr  [Au203(rH)3.3H20]3-.  A  similar  shift  was  noted  by  various  authors  - 
see  ref.  3  for  details  -  in  the  case  of  the  hydrous  iridium  cxide  system, 
"he  sane  analysis,  based  on  the  assumptions  of  an  Ir(III)/Ir (IV)  transition 
and  the  stoichiometry  of  the  reduced  state  being  the  same  as  that  for  the 
Au (III)  complex,  suggested  that  the  stoichiometry  of  the  oxidized  state  is 
[Ir(CH)6]2"  or  [ I r02 (OH) 2 . 2H20] *•“ .  In  the  absence  of  structural  data  for 


ft  ~  vP* 
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these  hydrous  materials,  it  is  significant  that  the  above  formula  for  the 
I r C IV)  compound  is  in  agreement  with  well  established  acidic  hydroxy 
species,  e.g.  platinic  acid  H2Pt(OH)6  -  and  it  salts  [4],  and  iridic  acid, 
H2Ir(OH)6  [5]. 

If  one  examines  the  type  of  charge  storage  reaction  proposed  for 
iridium,  viz. 

2Ir (OH)g“  +  6H+  +  4e"  =  Clr2(OH)9-l  ♦  3H20  (4) 

the  mean  charge  per  cation,  i.e.  the  number  of  excess  coordinated  hydroxide 
ions,  is  greater  in  the  more  oxidized  state  -  a  common  observation  in  homo¬ 
geneous  hydrolysis  processes.  This  raises  the  possibility  that  on  reducing 
the  oxidation  state  of  the  central  metal  ion  a  cationic  polymer  would 
eventually  be  obtained,  i.e.  the  film  would  contain  a  deficiency  of  hydrox¬ 
ide  ions  -  the  positive  charge  being  compensated  for  by  adsorption  of  other 
anions,  e.g.  Cl  or  SO^  .  Indeed  such  seems  to  be  the  case  with  certain 
(M/M  )  transitions  for  the  three  Gp.  1(b)  metals,  Cu,  Ag  and  Au.  The  shift 
in  pH  in  this  case  is  *2.303  RT/F  V  per  pH  unit  (RHE  scale)  -  zero  shift  on 
the  S.H.E.  scale;  this  confirms  the  absence  of  OH  or  H  involvement,  the 
electrode  reaction  being  of  the  following  type 

M*  (X-)  +  e"  =  M  (♦X")  (5) 

Marked  SERS  effects  are  also  almost  unique  to  the  Gp.  1(b)  metals  and  it  is 
obviously  possible  that  the  cationic  (M  )  species,  solvent  separated  from 
their  counterions,  coordinate  basic  organic  molecules  such  as  pyridine 
(indeed  to  observe  the  Au/Au(l)  transition  in  cyclic  voltammetry  experi¬ 
ments  in  aqueous  media  a  basic  species  such  as  pyridine  must  be  present  to 
stabilize  the  Au*  species).  Assuming  that  these  ligands  separate  univalent 
cations  attached  to  the  surface  from  their  anionic  counterions  -  and 
bearing  in  mind  that  the  electric  field  betwgen  unit  charges  of  opposite 
sign  in  vacuum,  separated  by  a  distance  of  6A,  is  ca.  3  x  1010  V  m*1,  it  is 
clear  that  this  ligand-separated  cation-anion  model  provides  a  simpler 
alternative  to  the  usual  surface  plasmon  view  as  to  the  origin  of  the  large 
interphasial  electromagnetic  field  which  is  fundamental  to  the  inter¬ 
pretation  of  SERS  phenomena. 

The  oxidation-reduction  cycling  (ORC  pretreatment)  -  a  necessary  step 
in  many  cases  in  the  study  of  SERS  effects  -  plays  essentially  the  same 
role  as  repetitive  potential  cycling  in  the  generation  of  hydrous  oxide 
films  on  metals  such  as  PtC6],  the  major  difference  being  that  pyridine 
replaces  hydroxide  ions  as  ligands  when  the  charge  on  the  central  metal  ion 
is  low.  In  the  absence  of  cycling, hydroxy  or  pyridine  complex  formation 
is  inhibited  as  with  the  metal  atoms  partially  imbedded  in  the  lattice  a 
full  coordination  state  is  impossible  to  attain.  On  cycling,  the  metal 
either  dissolves  and  redeposits  (Ag) ,  or  place-exchanges  forming  a  higher 
compact  oxide  (e.g.  some  Pt02  at  the  anodic  limit  of  the  sweep)  which  is 
then  largely  reduced  at  the  lower  limit  of  the  sweep.  In  both  cases  the 
net  result  is  adatom  formation  which  facilitates  formation  of  a  more 
complete  ligand  coordination  sphere:  As  pointed  out  in  the  case  of  plat¬ 
inum  the  stability  of  the  complex  is  surprisingly  high  (usually  more  so 
than  its  adsorbed  oxygen  equivalent)  -  absence  of  a  response  for  either  the 
hydroxy  or  pyridine  complex  on  the  anodic  sweep  under  normal  conditions  is 
dje  to  the  difficulty  of  adatom  formation. 

There  appear  to  be  certain  circumstances  where  hydrous  oxide  format¬ 
ion  proceeds  conventional  monolayer  formation  on  noble  metals.  In  recent 
years  some  very  unusual  voltammograms  have  been  recorded  for  Pt  single 
crystal  electrodes  by  Clavilier  and  other  authors.  The  highly  reversible 
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peaks  occur  in  the  region  where  hydrous  oxide  reduction  is  observed.  In  a 
review  of  this  topic  Parsons  C73  has  stressed  both  the  importance  of  high 
energy  sites  (possibly  individual  adatom  species)  and  the  high  sensitivity 
of  the  adsorption  to  the  nature  of  the  anion.  Scherson  and  Kolb  18)  have 
recently  postulated  that  rather  than  hydrogen  desorption,  the  process 
involved  here  in  the  anodic  cycle  is  anion  adsorption.  The  sharp  revers¬ 
ible  peaks  for  AuClllI  in  acid  at  +0.72  V(SCE),  ca.  1.0  V(RHE)  [83,  cannot 
be  due  to  hydrogen.  Since  this  potential  virtually  coincides  with  that  for 
hydrous  oxide  reduction  on  gold  at  low  pH  Cl, 23,  the  peaks  are  most  likely 
due  to  reversible  hydrous  oxide  formation  at  individual  adatom  sites  on  an 
otherwise  atomically  flat  surface.  It  is  only  when  the  surface  restruct¬ 
ures,  when  for  instance  the  sweep  is  allowed  to  enter  the  oxygen  adsorption 
region,  that  these  adatom  sites  (and  hence  the  sharp  peaks  due  to  revers¬ 
ible  hydrous  oxide  formation)  disappear.  The  anion  sensitivity  in  the  case 
of  the  platinum  peaks  may  be  due  to  the  presence  of  such  species  in  the 
coordination  sphere  (the  latter  would  seem  more  probable  if  the  metal  ions 
were  present  in  a  low  oxidation  state).  Further  evidence  that  some  hydrous 
oxide  formation  can  preceed  monolayer  growth  may  be  found  in  the  report  [93 
that  polycrystalline  gold  in  highly  purified  base  exhibits  minor  reversible 
peaks  at  ca.  0.6  V  -  this  again  is  the  region  where  the  hydrous  gold  oxide 
films  reduce  in  solutions  of  high  pH  [1,23. 

Other  areas  where  charged  anionic  oxide  species  nay  be  involved  in¬ 
clude  the  initial  stages  of  compact  monolayer  formation  [103,  electro¬ 
catalysis  at  oxide  substrates! 1 13  ,  battery-type  processes  [12],  etc.  The 
basic  idea  of  the  charged  oxide  framework  being  perniated  by  its  discrete 
counterion  equivalents  is  in  excellent  agreement  with  the  Porous  Double 
Layer  model  of  the  oxide-solution  interface  (oxide  colloids  having  high 
charge  values  combined  with  low  electrophoretic  velocities).  The  relevance 
of  oxide  hydration  and  acid-base  behaviour  to  r.etal  corrosion  reactions  has 
already  been  outlined  (133. 
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The  fields  of  application  of  ellipsometry  in  electrochemis¬ 
try  are  very  diversified  :  from  the  characterisation  of  semi- 
lnfinite  medium  or  films  considered  as  macroscopical ly  home  gen 
eous  phases  to  characterisation  of  atoms  or  molecules  adsorbed 
on  a  surface  or  the  electronic  distribution  at  the  electrochem 
ical  interface. 

The  ellipsometric  technics  which  have  to  be  used  depend  of 
the  studies  which  are  considered. 

During  the  lecture  we  shall  make  a  screening  of  some  kinds 
of  clli psometers  which  are  in  use  in  electrochemistry.  This 
screening  will  be  illustrated  through  experimental  examples. 

-  Eliipsometer  with  rotating  analysor  (or  polansor)  : 
growth  of  oxyde  films. 

-  Eliipsometer  with  phase  and  azimuth  modulation  :  initial 
processes  in  tne  grafting  of  polymers,  adsorption  metal  on 
metal,  electronic  distribution  at  the  interface. 

-  Spectroscopic  eliipsometer  :  polymers  doping,  adsorption 
of  organic  molecules. 

For  each  technic  we  shall  analyse  the  possibilities  and  li¬ 
mits  of  the  method. 
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SMALL  AMPLITUDE  AC  METHODS  AND  THE  UNDERSTANDING 
OF  SIMPLE  ELECTRODE  REACTIONS 


M.  SLUYTERS-REHBACH 

Van  '  t  Hoff  laboratory,  State  University  of  Utrecht,  The  Netherlands 


Amc-ng  the  small  amplitude  relaxation  methods  the  ac  impedance  method  has 
found  a  wide  application  in  several  fields  of  electrochemistry.  The  reason 
for  this  is  the  relative  simplicity  of  the  mathematical  formulation  of  the 
interracial  impedance  or  admittance  as  a  function  of  frequency,  compared  with 
the  response  to  e.g.  pulse  or  step  perturbations,  that  has  to  be  expressed  as 
a  function  of  time.  Theories  are  available  for  the  interfacial  admittance  in 
many  complex  cases,  e.g.  of  electrode  reactions  accompanied  by  reactant 
adsorption,  homogeneous  chemical  reactions,  and  of  processes  involved  in  metal 
deposition,  corrosion,  etc.'»^ 

Recently  in  our  laboratory  the  attention  has  been  focussed  again  to  the 
mere  simple  electrode  reactions,  controlled  only  by  diffusion  and  charge 
transfer,  i.e.  obeying  the  original  Randles'  circuit.  However,  in  contrast 
with  the  tendency  in  literature  to  describe  charge  transfer  in  terms  of  the 
kinetic  parameters  ks^  (.standard  heterogeneous  rate  constant)  and  a  (transfer 
coefficient),  it  was  found  preferable  to  determine  the  potential  dependent 
rate  constant  k.-,  being  the  essential  parameter  in  the  rate  equation 

-jf.  =  nFk?[c  -cRoxp(q>)  ]  (I) 

where  jr  =  faradaic  current,  cq,  cr  =  surface  concentrations  of  oxidized  and 
reduced  form.,  and 

c-  =  (nF/RT)  (E-E°)  (2) 

Using  a  high  precision  automatic  network  analyzer  system3  that  provides 
compensation  of  systematic  instrument  errors,  and  choosing  optimal  concen¬ 
trations  of  the  electroactive  species,  it  is  possible  to  determine  kf  in  a 
very  wide  potential  region.  To  this  end  the  ac  potential  perturbation  is 
superimposed  on  a  dc-polarizir.g  mean  potential  E.  The  technique  has  been 
applied  to  electrode  reactions  at  the  dropping  mercury  electrode  (DME) ,  and  at 
poly-  and  monocrys tai 1 iue  gold  electrodes.  In  the  latter  case  it  is  necessary 
to  account  for  the  fact  that  the  double-layer  charging  process  is  not  purely 
capacitive,  but  should  be  represented  by  the  so-called  "constant  phase 
element"  (CPE)1*. 

In  many  cases,  studied  thus  far,  it  is  found  that  In  kf  is  a  non-linear 
function  of  E,  in  other  words  the  operational  transfer  coefficient  a,  defined 

by 


u  —  —  din  k c / dtp  (3) 

rs  potential  dependent.  Evidence  is  growing  that  this  behaviour  should  be 
explained  by  the  idea  that  the  reaction  O+nc  1*  i<  proceeds  via  a  sequence  of 
elementary  reactions,  not  only  single  electron  transfers,  but  also 

terogenco-.n.  "chemical"  conversions  preceding  or  fol  lowing  electron  transfer 
slops.  The  underlying  assumptions  arc  that  the  individual  rate  constant  of  a 
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"chemical  seep"  is  independent  of  potential,  whereas  the  rate  constant  of  an 
"electrochemical  step"  obeys  the  Butler-Volmer  relationship 

k.  -  ks  ,exp[-ct.  (F/RT)  (E-E°)]  W 

with  ^  0.3. 

An  important  conclusion  from  this  approach  is  that  all  kinds  of  medium 
effects  on  the  rate  of  electrode  reactions,  e.g.  of  complexing  ligands, 
catalysis  or  inhibition  by  adsorbed  species,  and  specific  effects  due  to  the 
nature  of  the  electrode  material,  should  be  investigated  considering  their 
action  upon  the  separate  steps.  Some  examples  (e.g.  the  role  of  pH  in  the 

reduction  of  0?,  or  the  role  of  adsorbed  I"  in  the  reduction  of  Zn2+)  make 
Q  10 

this  very  clear. 

The  nature  of  the  "chemical  step"  is  obvious  in  some  cases,  e.g.  a 
protonation  reaction  or  a  dissociation.  However,  it  is  less  obvious  or  even 
mysterious  in  other  cases,  as  for  example  in  the  reaction  tris-oxalato  Fe(III)/ 
Fe(II)5’6. 

The  mechanistic  studies  as  outlined  above  can  be  considerably  extended  and 
improved  by  application  of  a  new  method,  called  demodulation  voltammetry,  that 
was  recently  developed  in  our  laboratory?.  In  this  method  an  amplitude- 
modulated  current,  j  *  j^s  inuntcosu)Lt ,  is  forced  through  the  cell,  while 
simultaneously  the  mean  potential  E  of  the  indicator  electrode  is  controlled 
by  a  potentiostat .  Typical  values  for  the  frequencies  are  »  I05  to  10^  Hz, 

=*  IQ^  to  1 0^  Hz;  the  optimal  values  depend  on  the  kinetic  parameters  of  the 
electrode  reaction.  Due  to  the  non-linear  current-potential  relationship,  the 
cell  response  contains  the  demodulation  voltage  AE,jera  •  iLpcosZciLt  +  Qj_ps in2u>j_t, 
which  originates  from  the  second  order  terms  in  the  Taylor-expansion  of  the 
rate  equation.  However,  also  the  double-layer  charging  is  a  non-linear  process, 
and  contributes  to  ILp  and  Analysis  procedures  have  been  developed  to 

obtain  the  information  about  the  charge  transfer  process. 


both  kt-  and  a,  providing  an  internal  check  on  the  potential  dependency  of  a. 

Even  more  important  is  that  the  demodulation  signal  provides  a  check  on  the 
validity  of  the  rate  equation,  given  by  eq.  (I),  that  is  derived  on  the 
assumption  that  the  reaction  mechanism  is  a  linear  sequence  of  (pseudo-)  first 
order  elementary  reactions.  However,  also  mechanisms  can  be  conceived  that 
involve  second-order  elementary  reactions,  e.g.  a  dismutation  of  an  inter¬ 
mediate  Y  according  to  2Y  Z  0+R.  Generally  in  such  a  case  the  rate  equation  is 
more  complex;  sometimes  it  is  of  the  form 

-  JF  “  nFkfftcoCR  ‘  CQC^exp(ttp)] ,  (4) 

sometimes  only  an  implicit  expression  can  be  derived,  e.g.  a  quadratic  equation 
cf  j .  However,  both  the  impedance  and  the  demodulation  parameters  retain 
explicit  formulations  if  the  electrode  reaction  is  dc  reversible?.  Then,  in 
trcrdance  with  the  arguments  pointed  out  before  by  Reinmuth®,  it  turns  out 
that  discrimination  between  linear  and  non-linear  mechanisms  is  only  possible 
i;  results  from  the  two  methods  are  combined. 

In  this  lecture  the  theoretical  and  experimental  principles  of  the  two 
methods  will  be  outlined,  and  both  prospects  and  limitations  will  be  indicated, 
especially  with  a  view  to  mechanistic  studies.  Conclusions  about  systems 
studied  thus  far  will  be  briefly  reviewed  and  some  quite  recent  results  will 


The  demodulation  method  is  essentially  a  high-frequency  method,  being  not 

sss 

:  ?,  : 

seriously  limitated  by  the  ohmic  resistance  and  the  double  layer  capacity. 

Consequently  it  can  be  applied  to  very  fast  electrode  reactions,  with  rate 

£  • 

constants  up  to  ca.  30  cm  s-*,  as  compared  to  ca.  1  cm  s-*  in  the  impedance 

Jfi  j 

V1 
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method.  Moderately  fast  electrode  reactions  can  be  studied  in  a  much  wider 

SB  i 

potential  range.  In  addition  the  response  contains  explicit  information  on 
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NEW  RESULTS  ON  THE  ELECTROCATALYSIS  OF  METHANOL 
AND  FORMIC  AC10  OXIDATION 

W.  Vielstich 

Institute  for  Physical  Chemistry,  University  of  Bonn,  Wegelerstr.  12 

0-5300  Bonn  FRG 


The  efforts  to  develop  a  methanol /a ir-fuel  cell  of  technical  interest 
have  not  turned  out  to  be  a  success  yet,  due  to  a  too  positive  potential 
of  the  methanol  electrode. 

The  first  step  in  the  methanol  oxidation  is  the  dissociative  chemi¬ 
sorption  on  the  metal  surface  forming  a  strongly  adsorbed  intermediate: 

CH,QH  - -  -C  +3  H  or 

3  *o  ad 

(-  c  5  0  +  4  H 

CH  OH  - -  {  30 

C  *  0  +  4  Had 

For  a  stationary  current  with  HCO  or  CO  the  further  oxidation  of  the 
adsorbate  to  C0?  is  necessary.  The  additional  oxygen  atom  can  only  be 
made  available  ^by  the  water  of  the  electrolyte 

HCO  +  HQ  — -  C02  +  3H+  +  3e‘  or 

Cn  +  H^o — -  C02  +  2H+  +  2e' 

Dartial  steps  assumed  are: 

m  .  h70  -  m  -  OH  +  H+  +  e‘  and 

HCO  +  OH  — -  CC0  *  2H+  +  ?e" 

The  OH-forming  reaction  is  obviously  catalyzed  at  platinum  above  +450  mV 
only  (see  Fig.l).  The  search  of  a  new  type  of  catalyst  is  necessary. 

In  this  investigation  the  effect  of  underpotential  deposition  of  non¬ 
noble  metals  like  Pb  and  Sn  on  noble  metals  is  studied  at  smooth  elec¬ 
trodes  ana  at  Teflon-bonded  carbon  substrates. 

Basic  questions  have  been  studied  by  the  application  of  formic  acid 
as  a  model  system.  It  is  assumed  that  the  same  intermediate  as  with  metha¬ 
nol  blocks  the  further  oxidation.  The  ro-adsorption  of  lead  and  the  strongly 
adsorbed  intermediate  was  followed  by  a  flux  cell  technique.  A  long  time 
increase  of  activity  through  the  use  of  upd  lead  on  platinum  could  be  shown 
for  porous  carbon  substrate  anodes  (Fig. 2).  It  follows  from  this  study  that 
the  third-body-effect  in  the  electrocatalysis  of  formic  acid  is  of  minor 
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In  order  to  study  the  nature  of  the  adsorbed  intermediate  in-situ  IRRAS  is 
discussed  together  with  the  results  of  Electrochemical  SIMS,  Vacuum  Transfer 
Desorption  Mass  Spectroscopy  and  on-line  Mass  Spectroscopy  of  the  volatile 
oxidation  products. 
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Fig.l  Oxidation  of  methanol  in  IN  HC10.  at  finely  divided  platinum  on 
a  Teflon  bonded  carbon  substrate4  electrode  at  +500  and  +650  mV 
vs  RHE  and  20°C 
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122j.  ?  Influence  of  upd  lead  on  the  long-term  oxidation  of  IN  HCOOH  in 
IN  HCIC^  on  a  Teflon  bonded  platinum  carbon  anode  at  +300  mV  vs 
RhT  and  20°C,  upper  line  shows  data  for  a  stirred  solution 


ELECTROCATALYTIC  PROPERTY  OF  ALLOYS  TOWARDS  OXIDATION  OF 

SIMPLE  ORGANICS 
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Research  Institute  for  Catalysis,  Hokkaido  University, 
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Realization  of  methanol  fuel  cells  depends  strongly  upon 
the  development  of  electrodes  with  high  electrocatalytic  activ¬ 
ity.  A  large  number  a f  reports  have  been  accumulated  on  ad- 
vantagelus  effects  of  surface  modification  of  platinum  metals 
with  less  noble  metals  In  particular,  underpotential  deposi¬ 
tion  (upd)  of  foreign  n  tals,  typically  Sn,  is  known  to  give 
rise  to  a  strong  enhance  ent  of  the  electrocatalytic  activity 
towards  electro-oxidatiu;  of  various  kind  of  fuels. 

It  is  of  some  interests  to  see  if  alloy  systems  have  in 
their  electrocatalytic  promt rty  any  commonality  with  the  sur¬ 
face  modification  by  upd  for  'ign  metals.  The  present  report 
contains  electro-oxidation  of  CH3OH,  HCHO,  and  HCOOH  on 
amorphous  alloys  of  Pt-Zr-Sn  c~  Pt-Zr-Ru,  and  on  polycrystal¬ 
line  Pd-Au  and  Cu-Ni  alloys. 

Electro-oxidation  of  CH3OH  and  related  compounds  on  Pt-based 
amorphous  alloys 

Amorphous  Pt-Zr  alloys,  prepared  in  the  form  of  ribbons 
(thickness  0.02  mm)  by  a  melt-quenci  technique,  can  be  used  to 
prepare  porous  Raney-type  Pt  electrodes  by  leaching  Zr  out  with 
aq.  HF  .  In  the  present  experiment,  .  n  or  Ru  was  added  further 
to  this  type  of  alloys  as  the  third  co  'ponent.  Electro-oxida¬ 
tion  of  CH3OH  in  acidic  solution  was  ca  Tied  out  and  results  in 
the  case  of  modification  with  Sn  are  skwn  in  Fig.  1.  With 
comparable  magnitudes  of  the  surface  roughness  factor  (RF),  the 
electrocatalytic  activity  was  raised  by  re  lghly  one  order  of 
magnitude  (or  more  in  the  case  of  HCHO  and  HCOOH)  by  the  addi¬ 
tion  of  Sn.  However,  the  activity  could  not  exceed  the  highest 
level  reported  in  the  literature2,  and  also  1. 1  indication  was 
observed  to  believe  that  the  amorphous  structi re  has  any 
advantage  over  ordinary  polycrystalline  sample  . 

Electro-oxidation  of  CH3OH  and  related  compound  ~>n  Pd-Au 
alloys 

Electrocatalytic  activity  of  Pd-Au  alloys  in  .  cidic  and 
alkaline  solutions  exhibited  various  levels  of  sync,  ietic 
electrocatalytic  effect,  depending  on  the  kind  of  co:.  mounds  to 
be  oxidized.  More  details  of  this  series  of  investig<  tion  will 
be  reported  separately  in  this  Meeting.  The  electroca. alytic 
activities  are  summarized  schematically  in  Fig.  2  where 
relative  activity  levels  are  shown  by  the  length  of  the  crows. 
Results  on  a  Pt  electrode  are  also  shown  for  comparison. 
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Pd-rich  Pd-Au  alloy  electrodes  are  reasonably  active 
towards  the  CH3OH  electro-oxidation  in  alkaline  solution,  and 
an  activity  maximum  appears  at  around  90  %  Pd.  In  contrast 
with  this  behaviour,  these  alloys  are  entirely  inactive  in 
acidic  solution. 

Au  is  very  active,  higher  than  Pt,  in  the  HCHO  electro¬ 
oxidation  in  alkaline  solution,  whereas  the  activity  decreases 
monotor.ically  with  increase  of  the  content  of  Pd  in  the  Pd-Au 
alloys.  In  acidic  solution,  an  activity  maximum  appears  at  a 
Pd-rich  alloy  composition  while  Au  is  entirely  inactive.  The 
strong  contrast  between  the  behaviours  in  alkaline  and  acidic 
solutions  on  Au,  but  not  on  Pd-rich  Pd-Au  alloys,  is  not  well 
understood . 

Pronounced  levels  of  synergetic  effect  are  seen  in  the 
HCOO-  electro-oxidation,  but  the  composition  which  yields  the 
maximum  activity  is  likely  to  be  different  in  alkaline  and 
acidic  solutions.  The  activity  levels  are,  except  for  pure  Au 
or  Au-rich  alloys,  far  more  higher  than  Pt. 

Electro-oxidation  of  HCHO  on  Cu-Ni  alloy  electrodes 

Cu  and  Cu-rich  Cu-Ni  alloy  electrodes  are  found  to  be  very 
active  in  the  HCHO  electro-oxidation  in  alkaline  solution  (but 
net  in  any  other  fuels).  The  highest  activity  among  the  speci¬ 
mens  employed,  as  judged  from  the  most  negative  value  of  the 
rest  potential,  was  on  the  CuggNi^  alloy,  with  the  value  of 
some  -90  mV  RHE  in  0.2M  HCHO,  iM  NaOH,  as  shown  in  Fig.  3(A). 

It  is  known3,4  that  electro-oxidation  of  HCHO  on  Cu,  Ag, 
and  Au  in  alkaline  solution  is  accompanied  with  the  co-produc- 
tion  of  H2  but  that  is  not  the  case  on  Pt,  Ni,  etc.  The 
evolution  of  H?  has  therefore  been  followed  in  the  present 
experiment  on  the  Cu-Ni  alloy  electrodes  and  results  are  shown 
in  Fig.  3(B).  The  efficiency  of  H2  evolution  on  the  alloy 
electrodes  was  on  a  smooth  line  connecting  the  constituent 
metals  and  no  drastic  change  was  observed  at  any  particular 
composition . 

In  view  of  two  extreme  models  of  catalytic  beha.iours  of 
alloys,  namely,  the  component  metal  atoms  having  a  homogeneous 
electtonic/catalytic  property  on  the  one  hand  (the  collective 
model3)  or  maintaining  their  individualities  on  the  other  (the 
localized  model3),  the  present  investigations  appear  to  support 
the  latter  model.  Ir.  addition,  a  significant  extent  of 
synergetic  effect  was  often  observed  at  intermediate  composi¬ 
tions  in  the  case  of  alloys  between  group  VIII  and  IB  metals. 
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Fig.  1  (left).  Electro-oxidation  of  CH3OH,  HCHO  and  HCOOH  on 
Pt-Zr  amorphous  alloys  without  (open  symbols)  or  with 
(filled  symbols)  the  addition  of  Sn  as  the  third  component. 

Fig.  3  (right).  (A)  Open-circuit  rest  potentials  and  (B)  evol¬ 
ution  of  H2  during  the  electro-oxidation  of  0.2M  HCHO  in  1 M 
NaOH  on  Cu,  Ni  and  Cu-Ni  alloy  electrodes,  30°C. 


Fig.  2.  Schematic  pre¬ 
sentation  of  electro- 
catalytic  activity  of 
Pd,  Au,  and  Pd-Au  al¬ 
loys  towards  electro¬ 
oxidation  of  CH3OH, 
HCHO,  HCOOH  and  CO  in 
acidic  and  alkaline 
media.  The  cases  of 
Pt  are  also  shown  for 
comparison. 
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MOLECULAR  ENVIRONMENT  EFFECTS  IN  THE  ELECTROCHEMISTRY 
OF  SUPERSTRUCTURED  PORPHYRINS. 

J.M. SAVE ANT 

Laboratoire  d'Electrochimie  de  l'Universite  de  Paris  VII 
2,  place  Jussieu  -  75  231  -  Paris  Cedex  05  -  France  - 


The  presence  of  hydrocarbon  chains  attached  to  the  phenyl  rings  of 
the  tetraphenylporphyrin  macrocycle  forming  "basket-handle"  or  picket  fence 
structures  of  the  type  shown  below  : 


exerts  a  strong  influence  on  the  redox  and  coordination  chemistry  of  the  cen¬ 
tral  porphyrin  complex  both  from  the  thermodynamic  and  kinetic  viewpoints. 

The  electrochemical  investigation  of  the  reduction  of  a  large  series 
of  the  corresponding  iron  complexes  in  various  solvents  showed  that  three 
types  of  effects  can  be  identified  :  protection  of  the  reactive  center  from 
interaction  with  the  surrounding  medium,  local  solvent  effects  resulti-c  from 
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the  presence  of  amide  groups  in  the  protecting  chains,  steric  discrimination 
between  the  axial  ligands  of  the  iron  atom.  Variations  as  large  as  five  orders 
of  magnitude  in  terms  of  equilibrium  constants  are  observed.  These  effects  re¬ 
semble  certain  functions  of  the  protein  surrounding  the  prosthetic  group  in 
metallo-proteins. 

Spectacular  effects  are  also  observed  in  the  oxidation  of  similar  cop¬ 
per,  zinc  and  magnesium  complexes.  While  this  usually  involves  the  sucessive 
formation  of  the  one  and  two  electron  products  separated  by  several  hundreds 
millivolts,  the  presence  of  amide  groups  in  the  superstructures  lead  to  a 
reversible  direct  two-electron  upcake.  With  the  cofacial  dimeric  structure 
shown  below  : 


.  \\ 


a  four  electron  reversible  pattern  is  observed. 

Such  modifications  of  the  immediate  molecular  environment  of  the 
porphyrin  complex  by  groups  which  influence  but  do  not  interfere  directly 
into  the  chemistry  of  the  reacting  center,  leading  to  integrated  molecular 
systems,  are  also  useful  in  the  design  of  catalytic  cycles  in  the  electro¬ 
chemical  activation  of  SDall  molecules. 


SURFACE-MODIFIED  GOLD  ELECTRODES  FOR  THE  PROMOTION  OF  DIRECT 
REDOX  PROTEIN  ELECTROCHEMISTRY 


H . A : O.  HILL,  and  N.J.  WALTON 
Inorganic  Chemistry  Laboratory,  Oxford,  (England) 


It  is  well  known  that,  in  general,  biological  electron  transfer  molecules  such 
as  cytochrome  C  do  not  exhibit  reversible  e lectrochemistry  at  normal  voltammetric 
electrode'  This  is  despite  their  role  in  vivo  as  efficient  agents  of  'ctron  transport. 
We  have  found,  however,  that  the  modification  of  a  gold  electrode-solution  interfuse 
with  many  bifunctional  organic  (and  some  inorganic)  molecules  results  in  the  realisa¬ 
tion  of  well-behaved  electrochemistry  for  such  redox  proteins.  We  believe  that  in 
order  the  surface-modifying  species  to  act  as  a  successful  promoter  of  this  electro¬ 
chemistry  that  it  should  first  bind  to  the  electrode  through  one  of  its  functional 
groups.  An  array  of  the  second  functional  group  will  then  be  presented  at  the  inter¬ 
face  in  contact  with  the  solution.  These  functional  groups  should  be  of  the  correct 
chemistry  to  interact  either  electrostatically  or  through  hydrogen  bonding  with  amino 
acid  side  chains  present  at  the  surface  of  the  protein  in  its  electron  transfer  binding 
domain.  Such  binding  and  the  associated  dissociation  process  should  both  be  rapid 
sc  as  to  constitute  an  efficient  exchange  of  molecules  on  the  electrode  surface.  This 
interaction  of  the  physiological  electron  transfer  binding  domain  on  the  redox  protein 
with  functional  groups  on  the  electrode  will  often  lead  to  a  concomitant  oric.' .otion 
of  the  proteins  prosthetic  group  towards  the  electrode.  Together  the  above  processes 
result  in  the  observation  of  near  diffusion-controlled  electrochemistry. 

The  hypothesis  outlined  above  has  resulted  largely  from  a  survey  of  some  60 
surface-modifying  species  as  potential  promoters  of  the  electrochemistry  of  horse 
heart  cytochrome  C.  The  conclusions  of  the  survey  are  summarized  in  the  catego¬ 
ries:  nature  of  the  group  presented  at  the  interface,  de’'^',is'*d  vs  .  Aliphatic 
promoters,  directionality,  distance,  and  hydrophobic  domain. 

More  sophisticated  surface  modification  through  adsorption  can  h ->  achieved 
in  two  ways.  Mixtures  of  surface  modifiei  s  on  an  electrode  can  be  prod'  >  ed  by 
allowing  a  surface  substitution  reaction  to  proceed.  Alternatively  the  use  of  a  bi- 
furctiona!  molecule  can  equally  yield  an  electrode-solution  interface  containing  two 
sorts  of  fuctional  group.  We  have  used  a  class  of  such  molecules  typified  by  t hie 
pyridine-aldeh /dethic-semicarbazoney  .  We  have  begun  to  characterise  the  elec¬ 
trode  reactions  of  horse  heart  cytochrome  ,  cytochrome  C  55'  and  the  blue  ccnper 
protein  azur  mg  at  electrodes  modified  by  such  molecules  and  their  derivatives. 


ELECTRON  CHARGE  TRANSFER  AT  BIOLOGICAL-SOLUTION  INTERFACE 
JOHN  O’M.  BOCKRIS 

Dept,  of  Chemistry,  Texas  A&M  University,  College  Station  (USA) 


In  the  experimental  part  of  this  work  it  was  attempted  to  manifest 
electron  transfer  •it  a  bio-surface  in  contact  with  an  ionic  solution.  For 
this  purpose,  contact  to  the  membrane  (dipalnitoyl  phosphatidylcholine 
containing  gramicidin)  was  made  by  use  of  a  Langmuir-Elodget  trough.  Three 
or  five  layers  of  lipid  were  thus  formed  on  the  metal  substrate  (gold, 
platinum,  or  tin  dioxide);  electronic  connection  was  made  to  the  latter; 
and  aqueous  solution  containing  redox  ions  (quinone-hydroquinone  system) 
,,-as  brought  into  contact  with  the  electrode  in  such  a  way  that  only  the 
hi --cmbrane  was  exp  i  to  the  solution. 

fA  were  -  articul.irly  oriented  to  guard  agaiij.  ;»  i- 

lity  tnat  electrons  •  >uid  reach  the  c  of  none  via  direct  -..itnct  of  the  so¬ 
lutions  to  the  metal  through  pinholes  .'a  the  membrane  or  b>  diffusion 
through  the  membrane.  Thus,  experiments  v<  re  made  with  the  biulipid  alone, 
and  then  with  the  bioiipid-gracicidir.  mixture. 

The  behavior  of  these  systems  differed  radically.  The  lipid  alone 
showed  tine  dependence  in  its  behavior  and  finally  behaved  as  though  it 
simply  covered  the  substrate  while  ions  found  access  to  the  underlying  me¬ 
tal.  However,  the  gramicidin-containing  membrane  showed  no  time  dependen¬ 
ce.  Underpotential  deposition  on  it  differed  from  that  on  the  biolipid 
alone,  the  latter  showing  anodic  stripping  peaks  equal  to  those  of  the 
substrate.  Tafel  line  characteristics  with  the  biolipid-gramicidin  were 
radically  different  from  those  of  the  biolipid  (which  resembled  those  on 
the  substrate). 

It  is  concluded  that  inclusion  of  the  protein  in  the  membrane  intro¬ 
duced  sufficient  electronic  conductance  so  that  the  membrane  surface  was 
the  source  of  the  electron  exchange  with  the  redox  system. 

The  main  implication  of  such  a  conclusion  is  that  energy  conversion 
by  living  things  may  be  explained  in  the  framework  of  intertacial  electro¬ 
chemistry  concepts.  Thus,  consideration  of  the  high  energy  conversion 
efficiency  of  biological  systems  leads  to  the  idea  that  mechanical  energy 
may  arise  via  a  series  of  steps,  of  which  a  rate-determining  one  occurs 
in  a  fuel  cell  like  element.  The  mitochondrion  is  suggested  as  the  site  of 
such  entities.  The  observed  efficiency  would  be  consistent  with  a  poten¬ 
tial  loss  of  about  0.5  V.  The  supposed  biological  fuel  cells  would  be  able 
to  act  as  an  electrical  power  source,  driving  chemical  reactions  against 
their  spontaneous  direction. 

Consideration  of  electrical  conductance  on  wet  proteins  shows  that 
•.  h.mie  (i.e.  non-interf aciul)  p.  d.’s  throe -h  nitathendri.il  membranes  could 
be  neglf.  ib..e.  The  cathodic  reaction  would  be  l  ie  reduction  of  oxygen, 

•j  ■  1  -,'rV  4  4,-'  -*  2!*20  ir.d  the  anodic,  reaction,  2NADH  2NADf+  2K+  +  4e“  . 
'ce  is.  oes  a..-  -iUgcf.c  ted  as  being  molecular,  buried  in  the  invaginations 
•  me  f  nn  ’ r  me:  arc. tv  terming  the  ctistae .  The  cathodes  are  i  .»<  ated  on  en- 
. v  which  rti  n.'tifo.ibiv  on  :he  inner  side  of  it.:,  n.c.-.br.mo  let  could  be  . 
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iron  transport  occurs  through  proteins  within  each  membrane.  The  relation 
of  the  so-called  fuel  cell  potentials  to  potentially  observable  membrane 
potentials,  and  those  measured  by  fluorescent  probes,  will  be  discussed. 

The  fuel  cells  produce  electrical  energy  and  this  energy  is  transfe 
rred  to  ADP  by  an  electrolytic  route,  using  electric  power  from  the  cells 
to  work  the  endergonic  ATP  synthesis.  An  exponential  dependence  of  the  ra 
te  of  ATP  synthesis  upon  applied  potential  has  been  observed. 

Biological  cells  radiate  electromagnetically  in  the  10^  to  10*2 
c.p.s.  region.  Such  phenomena  support  a  fuel  cell  model  of  a  biological 
cell  because  they  demand  the  presence  of  mobile  electrons. 


Sensors  based  on  bioelectrochemical  principles 
J.Koryta 

J.Heyrovsky  Institute  of  Physical  Chemistry 
and  Electrochemistry,  Czechoslovak  Academy  of  Sciences 
Cpletalova  25 
CS— 1 1000  Prague  1 

In  this  kind  of  sensors  the  systems  are  included 
using  either  structural  elements  of  biological  entities 
and  their  models  or  processes  taken  from  or  modelled  after 
those  occuring  in  organisms. 

The  first  group  comprises  enzyme,  bacterial  and  tissue 
electrodes.  The  most  sofisticated  are  i:rmur.o  dec  trod  es  . 

In  the  second  group  particularly  the  .•  erscrr  •: ro  Pr¬ 
eluded  that  are  based  on  ionopherc— facilitated  m rebrar.e  trans¬ 
port.  The  ion-selective  electrodes  with  natural  or  synthetic 
ior.-carri srs  are  examples  of  these  systems  as  well  as 
alkaline  earth  cation  and  ionophore  determination  with 
electrolysis  at  the  interface  cf  two  immiscible  electrolyte 
solutions . 


RAPID  DIRECT  ELECTRON-TRANSFER  OF  HORSE  HEART  CYTOCHROME  c 
AT  PRCMJTER-MODIFIED  ELECTRODES 

ISAO  TANIGUCHI 

Department  of  Industrial  Chemistry,  Faculty  of  Engineering, 
Kumamoto  University,  Kurokami,  Kumamoto  860  (Japan) 


Direct  rapid  electron-transfer  between  a  solid  electrode  and  a  metallo- 
pretein  has  recently  received  much  attention.  Until  recently,  metallo- 
proteins  have  gent; rally  shown  no  voltannetric  response  at  ordinary __  elec¬ 
trodes  because  cf  their  slow  kinetics,  except  sane  special  cases1* - . 
liwevar,  in  recent  years,  various  functional  electrodes,  or.  which  direct 
rapid  electron-transfer  of  metalioprotoins,  especially  of  c'.'tochrcrte  c  (cyt 
c)  ,  takes  place,  have  been  "’cvelopik^-ll ;  These  electrodes  trcJ  '  possible  to 
apply  conventional  electrochanical  techniques,  suen  as  cyclic  vuitorr-otry, 
to  bo-ele^'t’Dchericai  studies. 

To  a^_  Lerate  the  rate  cf  electron-transfer  of  cyt  c,  for  example, 
Eddowes  and  Hili^  proposed  at  the  first  time  that  the  addition  of  4,4 ’-foi- 
tyridine  (PyPy)  into  tr.e  solution  is  effective.  Since  then,  various 
prerotors ,  which  themselves  are  electroinactive  at  the  potentials  of  inter¬ 
est  but  can  promote  the  rapid  electron-transfer  of  cyt  c,  have  been  found; 
fcipyridines^-C. 8 , purines^  ard  others11. 

Vie  have  found3 < ’J  < ^  <  —  that  sulfur  atom  is  effective  to  immobilize  a 
ptaioter  or. to  the  surfaces  of  electrodes  such  as  gold  and  silver.  A  bis(4- 
pj-rid/i) disulfide  modified  gold  (PySSPy-Au)  electrode  is  a  typical  example. 
4-Mercaptopyridine  (RySH)  and  6-mercaptopurine  (PuSH)  modified  electrodes 
were  also  prepared.  These  promoter  irtmobilized  electrodes,  especially  a 
RySSRy-Au  electrode,  acted  as  suitable  electrodes  for  the  rapid  electron- 
transfer  of  cyt  c  in  the  absence  cf  any  promoter  or  mediator  in  the  solu¬ 
tion.  At  RySSRy-Au  and  PySH-Au  electrodes,  the  heterogeneous  electron- 
transfer  rate  constant  cf  cyt  c,  k^-,,  was  estimated  to  be  ca.  5  x  10-1  cm2 
s ,  rapid  enough  to  say  reversible  in  an  electrochemical  sense.  .vcreo\-er, 
a  PySSPy-Au  electrode  has  such  advantages  as  easy  fabrication,  durable 
working  and  high  stability  at  various  temperatures ;  these  properties  encour¬ 
aged  us  to  apply  this  electrode  for  various  electrochemical  studies  of  cyt 
c  as  will  be  described  later. 

Li  addition  to  these  promoters  and  prax>ter-rrodified  electrodes,  today, 
metal  oxides ^  <  12 ,  surface  pretreutod  metals ^  and  the  edge  clone  of  pyro- 
1/t.ic  graphite10  are  known  to  provide  the  rapid  electron- tr an » for  cf  cyt:  c. 

To  understand  better  how  the  acceleration  of  the  rate  of  tint*  e'iectrrn- 
transfer  of  cyt  c  originates,  we  nerd  much  knew! edge  about  .hu  surface  of 
tnesc*  functional  electrodes.  For  this  purpose,  we  examined*-1' ' ■*-'  the 
l roroter-coaified  surfaces  by  using  the  surface  enhanced  Raman  scattering 
, SEPS'i  ijuchnique .  The  EERS  spectra  of  both  PyHSPy-Au  rnd  Ag  clactroccs 
shewed  that  PySSPy  adsorbed  as  PyS  •  through  the  S  atoms  with  tin  3-5  bond 
cuvivc -■?  m  the  standing  up  or  j  ontr  tier. .  ’this  is  bucai:«vi:  {!'  a  signal  at 
iff1  err1  due  to  the  S-5  bend  stretching  was  miming  in  tl..?  fl.RS  spectrum, 

(3)  the  JERS  signals  of  a  lySSPy-ixidif ied  electrode  were  very  similar  to 
those  of  a  PySH-mcdified  electrode,  \ 3)  the  so-called  X-scnsitivo  band  of 
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PySH  at  1.120  on“l  shifted  to  1100  crT^  with  an  increase  in  intensity  in  the 
SHFS  spectra  of  the  modified  electrodes ,  whereas  no  appreciable  difference 
an  the  Raman  shift  of  the  signal  due  to  the  pyridine  ring  breathing  at  1010 
err.--  between  a  PySK  solatia'  and  the  SEPS  spectra  cf  modified  electrodes,  Wc 
Deserved.  Interestingly,  furthermore,  the  rapid  displacement  cf  cyt  c 
free  the  electrode  surface  by  tire  prate  ter  was  monitored -1*  in  tie  SrKS 
spectrum,  by  adding  PySSPy  into  a  cyt  c  solution,  indicating  that  the  raped 
electron- transfer  of  cyt  c  takes  place  on  tha  peemoter  adsorbed  layer. 

On  hne  basis  of  this  surface  structure  cl  :\  PySSPy  modified  electrode, 
a  plaoi "ole  mechanism  for  the  rapid  electron-transfer  of  cyt  c  at  this  elec¬ 
trode  would  be  that  the  electrostatic  interaction  between  fh :  positively 
charted  lysine  residues  near  the  heme  of  cyt  c  and  the  lor.e-pair  electrons 
of  the  M  atoms  of  the  adsorbed  prerroter,  which  arc  faced  out  to  the  solu¬ 
tion,  gave  an  appropriate  orientation  of  cyt  c  at  the  electrode.  This 
node!  can  explain  steep  decrease  in  current  for  the  electron-transfer  of 
cyt  c  at  modified  electrodes  in  acidic  solut  ns;  the  critical  pH  value  for 
each  modified  electrode  to  work  depended  on  tr.e  pKa  value  of  the  pretnoter 
'in  adserbeo  ferns)  for  the  protonatson  at  trie  N  atari.  Since  i .o  remarkable 
cato  in  the  SEHS  spectra  of  a  PySSPy-Au  electrode  was  observed  by  adding 
0,1  c  into  the  solution,  tne  interaction  between  cyt  c  arid  the  lySSPy-Au 
electrode  is  not  sc  strong  to  affect  the  electronic  structure  end  the 


orientation  of  the  adsorbed  species.  Thus,  weak  hydrogen  bonding  between 
cyt  c  and  the  adsorbed  premotor  species  is  likely  fev  the  interaction. 

:bta,  hawavar,  that  the  richer  types  of  mechanism  fer  the  rapid  elec¬ 
tron- transfe*;  of  cyt  c  at  modified,  electr odes  would  alto  be  pcnsiblo,  de- 
perdinu  uten  the  premotor  used;  e.g.,  d-RS  r.rootra  .ch-iwr-d'1  that  rcri-.u  and 
cyt  c  adsorbed  together  on  an  Ag  oi«x:trodc,  .:h  .r.  purine  was  used  as  o  prc<- 
rvter,  where  the  rapid  electron-transfer  cf  cyt  c  war  achieve1.. 


..."  -  the  -yah  da::.'.;,  solution  (,.ol  H 1121-64  -  a. 026  M  H-dDCfj!  cental;  in.; 
1.1  M  HaCl.0,  (pH  *  .0,  ,  aich..yv.  tr.e  di.u..lo-dipr.lc  interaction  is  sucres h.*ui 
t  .i  ;t ;:.cr;o.-.t  tor  tne  reaction  of  cyt  c  in  v:\vr- . 

Using  ryf.:!i-/-Au  electro.-::,  th.e  Corral  nudox  pot  :;h..ol  of  cyt  c, 
wTi-  o.:  can  be  easily  ar.ti.Taf  .v:  f r.r;  ti'.e  .  jopu-:  v;  .  ’  the  .v.udic  oih  .o.rhcdic 
peu'.  potentials  cf  the  cyclic  voirar.ivngr..m,  w  m  :;<r.-.asrr«.  i  us  a  function  of 


t..:";>:  rature  (l’i  to  cbt-.in  fh. tnvr  dynsi.r c  par:. net  u*:;  in  pi'  hate  buffer  sol”. 

- :  ;'.s  (p:i  s  6— S)  .  Tn  o-i  alkaline  roLuticn,  the  brrcxuviuu  dogonden  :t  cf 
d  obtained  in  ti.j  * rryerature  ran je  cf  0-55  CC  riv.'.ou  hi phasic  behavior 
with  an  inters  action  roiut  at  ca.  40  CC,  which  would  be  attributable  tn  i 
structural  change  m  th ;  protein  moiety  of  cyt  r  fr-tn  the  similarity  of  the 
hr. per* tore  dependence  of  E0'  to  that  of  the  absent. tnee  uc.  COS  nn  of  ferri- 
cyf  c .  Ir.  acid  -aid  neutral  ucior.s,  a  crons  tons  us  rolatierrhit  1  .•v.-een  id'-' ' 
:.-.n  I  was  abnurMeu. 

A’.bu,  no  drastic  diphasic  depui  der-ve  of  '  .on  7  was  ob served  -.n  a 
;.vu.ral  h'j-dl  rciurit.n,  when  E,:  -v-ilues  we: • :  a.v.sur  •:  .u.  a  PvSSRv-Au  dec- 


Cl"  on  the  temperature  dependence  of  EC  1  on  T  was  previously  reported  by 
other  workers using  an  OTTLE  technique.  The  type  of  the  supporting  elec¬ 
trolyte  used  (HaC104,  NaCl  and  NaF)  did  not  affect  significantly  the  temp¬ 
erature  coefficient  of  E^ '  of  cyt  c,  but  changed  the  E^’  values  themselves; 
Eu '  values  obtained  in  a  phosphate  buffer  solution  (pH  7.0)  at  25  °C  were, 

0 .02 :  x  0.002  and  0.015  ±  0.002  V  vs.  SCE  in  the  presence  of  0  .1  M  NaCl  (or 
’  zF)  and  0.1  M  NaClO.,  respectively.  In  an  alkaline  solution  with  any 
supporting  electrolyte,  the  biphasic  behavior  in  the  E° '  vs.  T  plot  was 
observed.  The  influences  of  the  environmental  conditions  on  the  redox  be¬ 
havior  of  cyt  c  can  thus  be  easily  examined. 

In  suntnary,  I  would  like  to  stress  again  the  following  points: 

(I;  Among  various  types  of  promoters  and  functional  electrodes  developed  to 
date,  a  PySSPy-Au  electrode  is  one  c5  the  cost  effective  electrodes  for  the 
rapid  electron-transfer  of  cyt  c  (and  probably  for  related  cytcchrarjos)  . 
Sulfur  atom  is  effective  to  irnrcbilir.e  a  promoter  onto  the  electrode. 

(2)  Thu  mechanism  for  the  rapid  electron-transfer  at  functional  electrodes 
has  increasingly  become  clear;  .an  elec tresta tic  interaction  'hydrogen  bend¬ 
ing  is  likely)  between  cyt  c  and  the  N  atoms  of  the  adsorbed  promoter  on 
the  electro le  is  important,  although  the  other  mechanism  seams  to  be  possi¬ 
ble,  depending  upon  the  promoters  used  and  other  expo rirer, til  conditions . 

(3;  Modified  electrodes  are  premi-ung  as  convenient  strobes  for  itioeluchro- 
tvsrrral  -1-  ties;  e.g.,  ucu.g  a  PySSPy-Au  alectroda,  the  biph.  tie  dosxsndcncc 
of  E°  c.i  T  was  found  tc  be  a  characteristic  of  cyt  c  i.  an  alkali r«u 
tic-:.,  but  neither  in  acid  and  neutral  solution^.  nor  the  spec,  effect  of 

^"1  *  +.  i  CiC*  lOI*. 

(4)  Finally,  such  efforts  as  those  described  here,  hopefully,  provide  not 
cr.iy  much  knowledge  fer  better  understanding  of  the  electron-transfer  reac¬ 
tion  of  mutii iopxoteins  in  vivo  and  in  vitro,  but  also  a  basis  for  the  fu¬ 
ture  development  of  artificial  systems  having  functions  of  bictrolecules . 
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DETERMINATION  OF  BIOLOGICALLY  INTERESTING 
MOLECULES  BY  PULSE  VOLTAMMETRY 

J.  OSTERYOUNG,  M.  WOJCIECHOWSKI,  A.  WEBBER  AND  F..  TAKEUCHI 
Department  of  Chemistry,  State  University  of  New  York,  at  Buffalo, 
Buffalo,  New  York  (U.S.A.) 


Pulse  voltammetry  comprizes  a  suite  of  techniques  based  on  current- 
sampled  chronoamperometry ,  the  most  important  of  which  are  normal  pulse, 
differencial  pulse,  staircase,  and  square  wave  voltammetry.  These  techniques 
are  described  in  Figure  1.  1  These  techniques  provide  many  possibilities  for 
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an .lytic.ii  and  mechanistic  studies  ui  biologically  interesting  molecules. 

7  hi  examples  described  here  include  mechanistic  and  analytical  studies  of  an 
antibacterial  agent,  1 , d- d i b r  osno- 2 , 4-d icy anobu t ane  (DBDCB) of  reduced 
i  .  or  ;:-.tt:ide  adenine  dinucleotide  (NADH)  and  related  compounds  i  ’ "  and  of  a 
pr. posts  intracellular  intermediate  in  nitrate- induced  vasodilatation, 

N-ucetyl  penicillamine  thionitrite  (RSNO) . 4  These  examples  illustrate  a 
:  e  oi  mechanisms,  compound  types,  techniques,  and  electrodes. 

The  Compound  DBDCB. ‘  In  general  organic  halides  undergo  irrversible 
cathodic  reduction  with  formation  of  halide  ions  and  organic  product  on 
products.  Vicinal  dihalides  usually  loose  halides  in  a  single  two-electron 
step  which  yields  an  olefin.  because  the  evanide  group  is  strongly  electror.- 
•«ithdrr».'::g,  halo.jenated  alkyl  nitriles  are  induced  at  more  positive  potentials 
t:  a.  norm:  p.  r.din?  alkyl  halide,.  .t  is  -idoly  observed  that  mercury  elee- 
.<ie>  participate  chcai tally  i..  the  reject  ion  prorc. ..  Cvcllc  staircase 
. turns,  utry  i  i  i  >urc  1 >  show:,  the  .‘.trci.p  cat.iL-ti.  et  :  oct  of  the  mercury 
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ris„i-«l.  Cyclic  voitMM'ry  of  DKXt  an  |lMiy  cocoon  olorfrcOo  (GCII  one 
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electrode  cn  the  first  reduction  process  which  corresponds  tc  the  reaction 


CN 

I 

H,C  -  C  -  Cd,CH  CN  +  2e 

2,  ,  2  2 

hr  Br 


C,N,H,  +  2Br 

bib 


(1) 


in  vnicn  C^N.,H^  is  nost  probably  2 , 4-dlcyano- 1-butene .  The  solubility  of 
hHT.Cb  in  voter  was  determined  by  reverse  pulse  polarography 6  as  O.lb+O.Ol?.. 

Tae  compound  KADH. 3  The  compound  NADH  can  be  converted  to  and  held  for 
a  period  of  hours  in  its  hydrated  form  which  results  from  adding  water  across 
the  5,6-double  bond  of  the  nicotinamide  ring.  This  compound  adsorbs  on 
mercury  surfaces  under  diffusion-control  and  gives  rise  to  a  cathodic  stripping 
current  proportional  tc  concentration  in  solution.  The  technique  of  choice 
tor  determination  is  square  wave  voltammetry,  although  staircase  voltammetry 
c  '  e  usee  as  we.l.  Ins  detection  llr.lt  Is  less  than  7  r.M,  and  the  range  of 
linear  res; ons*  covers  2-3  orders  of  magnitude  change  m  concentration  or  NY.  OH. 
Nicotinamide  adenine  dir.cuiftotide  (N/J3+)  and  "elated  compounds  exhibit  verv 
.-..-.ila'  elect rcchemical  response,  which  is  due  to  a  iH-r- <e-  totally  irreversibli 
reduction  of  the  adsorbed  adenine  moiety. " 

Vne  t cmhound  ilSNO  "  Tl,ionitr ires  are  proposed  intracellular  intermediates 
m  org  '.'.it  u  it  r..tt  -  induced  Batura  lian  vasodrutati  rn.  Although  there  luter- 
;uva  been  deter  •_  trateo  indirectly  no  sensitive  quantitative!  method-, 
for  cirt.t  determine  ti  or.  have  been  developed  previous  Ly  .  fit.  r.rc.ury  elec¬ 
tro  res  a  reversible  ph-dependenr  wave  appears  whicn  is  tee  same  as  that  for 
the  parent  panic* ) J amine  rrd  probably  corresponds  tc  the  reaction 

k:‘«0  +  Hg  +  H,0  -  RSHg  +  HCNO  +  !!*'  +  e“  (2; 

iji  irreversible  wj ve  appears  at  mere  negative  potentials  at  both  mercury  and 
glassy  carbon  electrodes  which  appears  to  be  due  to  the  reaction 


+  e 


RSli  +  NO 


o> 


.NPSSSI 
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This  reaction  can  be  used  for  analytical  purposes  enploying  square  wave 
voltammetry  as  shown  in  Figure  3  with  resulting  detection  limits  ca  40  uM  and 
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linear  range  up  to  1.5  r.M. 
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APPLICATION  OF  ADVANCED  VOLTAMMETRY  IN  THE  ENVIRONMENTAL  CHEMISTRY 

OF  ECOTOXIC  HEAVY  METALS 

P.  VALENTA 

Institute  of  Applied  Physical  Chemistry,  Nuclear  Research  Center 
(KFA)  Julich,  D-5170  Jiilich  (F.R.G.) 

Ir.  Hemonam  H.W.  Niirnberg 


INTRODUCTION 

Efficient  and  comprehensive  control  and  management  of  the  environ¬ 
mental  burden  caused  by  harardeous  chemicals  has  become  an  issue  of 
primary  importance  for  man.  In  this  context  ecochemical  research  on 
-;.e  levels,  fate  and  pathways  of  environmental  chemicals  have 
.•ained  great  significance.  Many  toxic  chemicals,  e.g.  ecotoxic  me¬ 
tals  Cd,  Fb,  Hg,  Cu,  Cr  and  Ni  are  emitted  in  large  quantities  into 
the  environment  but  afterwards  they  are  rapidly  dissipated  and 
occur  in  most  terrestrial  and  aquatic  ecosystems  at  trace  levels. 
Therefore ,  the  methods  of  trace  chemistry  and  trace  analysis  have  a 
key  function  in  eeochemistry  and  ecotoxicolog y  in  the  detection  and 
diagnosis  of  existing  pollution  and  its  hazards. 
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leal  methods  have  to  combine  sufficient  determination 
with  good  precision  and  accuracy  if  reliable  data  cr, 

1  pollution  levels  of  hazardecus  substances  are  needed, 
methods  voltammetry  ir.  its  advanced  mooes  has  a  wide 
y  :  -cause  it  is  essentially  a  suostar.ee  specif ic  and 
clement  specific  a,.;  reach .  It  happens  th  •  t  .overly 
s  of  particular  ecotoxicolog  leal  s  i.  r.i  ficanee  are  w  •:  l 
..y  voltammetry .  This  applies  particularly  to  Cd,  Co, 
Ni,  Pt,  Ti  and  Zr.  and  to  the  metalloids  As  and  Se. 
s  have  beer,  successfully  applied  to  the  determination 
ecotoxic  heavy  metals  in  natural  waters,  body  fluids 
to  the  investigation  of  their  sueciatior. . 


Hi  MENTAL 

fpecial  sampling  procedures  have  been  developed  to  avoid  contamina¬ 
tion*  .  Thus,  for  aqueous  environmental  samples  (fresh  water,  sea 
water,  rain,  drinking  water)  manually  sampling  with  polyethylene 
flasks  fitted  eventually  to  a  telescopic  fiber  gear,  Gc-Flc-samp- 
lerv  fabricated  completely  from  plastic  material  or  CIT  samplers 
me. ..fed  or.  a  hydrowire  for  sampling  at  a  predetermined  depth  and 
■;-.u*  .mated  rair.  water  sampler  controlled  with  a  humidity  sensor  have 
lev.-,  developed .  Sampling  and  partitioning  of  solid  samples  was  per¬ 
fumed  using  instruments  of  quarts  or  plastic  under  a  clean  bench 
to  exclude  contamination  by  dust  from  the  ambient  air.  Aqueous 
samples  were  filtered  through  0.4R  um  pore  size  membrane  filters 
in  a  closed  device  under  slight  (^-pressure  '  1  bar) . 


?  Iters  with 
a:...  lag  (LTA) 
subjected  to 


the  suspended  matter  were  digested  by  low  temperature 
ir.  an  oxygen  plasma.  Body  fluids  and  food  sari  pies  were 
.?t  digestion  with  a  HClO^-Hf.'C^  mixture  before  the 


I 


voltammetric  analysis.  The  dissolved  organic  matter  (DOM)  was  des¬ 
troyed  by  photolysis  ( ITV-irradiation)  to  decompose  inert  metal 
chelates . 

7o -tammetrlc  determination  was  performed  in  the  differential  pulse 
cr  the  square-wave  mode.  In-situ  electrochemical  preconcentration 
at  a  mercury  or  gold  electrode  under  stirring  or  rotating  of  the 
electrode  was  used  at  low  levels  ( lower  than  about  100  ug/1)  .  For 
’ll,  Co  ana  Cr  the  adsorption  of  their  chelates  ip  a  suitable  poten¬ 
tial  range  was  used  in  the  preconcentration  step* .  The  evaluation 


of  the  concentration  was  performed 


andarc  additions. 


RESULTS  AMD  DISCUSSION 

As  a  contribution  to  chemical  oceanography  and  limnology  the  dis¬ 
tribution  of  epotoxlc  trace  metals  Cd,  Cu  and  Pb  in  the  oceans, 
coastal  waters-3  and  In  inland  waters  (rivers  and  lakes)  has  been 
determined  voltammetrically .  The  remarkable  accuracy  even  at  the 
ultra  trace  level  (<  1  ug/1)  was  established  by  interlaboratcry 
comparison.  A  reliable  basis  for  the  detection  of  anthropogenic 
cranges  In  the  North  Sea  within  the  coming  years  has  beer  estab¬ 
lished  by  the  determination  of  the  dissolved  and  total  concentra¬ 
tions  of  Cd ,  Pc,  Cu  and  Ni  in  the  North  Sea,  Norwegian  Sea,  Barents 
Cea  and  the  Eastern  Arctic  Ocean  during  several  missions  from  1975 
tc  13 62.  Depth  profiles  of  the  concentration  of  Cd,  Pb  and  Cu  in 
various  parts  of  the  oceans  have  been  studied  to  elucidate  the  con¬ 
centration  regulation.  The  levels  of  the  heavy  metals  Cd ,  Pb  and  Hg 
have  been  determined  ir.  water  and  sediments  of  the  River  Rhine  and 
the  main  tributaries  from  Lake  Constance  to  the  Dutch/German  border 
within  a  rather  dense  sequence  of  sampling  stations  . 

For  the  input  of  ecotoxic  heavy  metals  (Cd,  Pb,  Cu,  Zn  and  Nl)  from 
the  a "no sphere  into  terrestrial  and  aquatic  ecosystems  their  wet 
deposition  with  rair.  and  snow  in  the  Federal  Republic  of  Germany 
has  teen  followed  systematically  since  1950  with  a  network  cf  auto¬ 
mated  samplers  cf  own  construction  distributed  over  the  various  re¬ 
gions  cf  the  country  v. rural  areas,  urban  agglomerations,  Industrial 
str.es  and  locations  with  metallurgical  industry5. 


ammetry  ha: 


;c  been  used  in  the  determination  of  the  heavj 


ratal  levels  in  the  most  important  liquid  and  solid  components  of 


v:  askev 


In  body  fluids'.  If  the  square-wave  mode 


is  used  the  voltammetry  has  in  comparison  with  the  usually  used 
graphite  furnace  atomic  absorption  spectrometry  the  advantage  cf  a 
simultaneous  determination  of  several  metals  in  one  run  and  of  t:.e 
large  linear  concentration  range. 

"’oltamretry  offers  -  due  to  its  substance  special p. ay  -  particular 
pc  iential  ities  for  inves  tigat  ions  on  spesiatlcrf-' »  '  .  Thus,  the  comp- 
1c  .ration  capacity,  i.e.  the  sum  of  the  chelating  components  of  the 
dissolved  organic  matter  (DOM),  has  been  determined  in  several  wa¬ 
fer  types  (sea  water,  lake  water,  river  water)  using  Cu  or  Pb  as  a 
test  metal  ion.  The  chelation  of  Cd ,  Pb  and  Zn  in  sea  water  and  In 
lake  water  with  the  moderately  strong  chelator  NT A  was  studied  ana 
uor.p  area  with  the  natural  cnelator  humic  acid.  Prognostic  pre- 
v lotions  or.  the  required  ligar.a  concentrations  as  function  of  the- 
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stability  constant  of  the  inert  complex  emerged.  The  rate  constants 
of  chelate  formation  of  Cd,  Pb  and  Zn  with  EDTA  in  sea  water  and  in 
lake  water  have  been  determined  voltammetrically  and  the  mechanism 
of  the  complex  formation  has  been  elucidated. 


REFERENCES 


Mart,  Tatanta  29  (1982)  1035-1040 

Pihlar,  P.Valenta  and  H.W.  Niirnberg,  Fresenius  Z.  Anal.  Chem. 
1  (1981)  337-346 

Mart,  H.Riitzel,  P.Klahre,  L.Sipos,  U.Piatzek,  P.Valenta  and 
W. Niirnberg,  Sci.  Tot.  Environm.  26  (  1982)  1-17 

Breder,  H .W .Niirnberg,  J.Golimowski  and  M.Stoeppler,  in: 
llutants  and  Their  Ecotoxlcclogical  Significance,  Ed.  H.W. 
rnberg,  J. Wiley,  New  York,  1985>  p.  205-225 
W.Nurnberg,  P.Valenta,  V.D. Nguyen,  M.Gddde  and  E.Urano  de 
rvalho,  Fresenius  Z.  Anal.  Chem.  317  (1984)  314-323 
Valenta,  P.H.  Ostapczuk,  B.  Pihlar  and  H  .W. Niirnberg,  Proc.  Int. 
nf.  Heavy  Metals  in  the  Environment,  CEP  Consult.,  Edinburgh 
Si,  p.  t 19-621 

W  ..1 rnberg,  in:  Analytical  Techniques  for  Heavy  Metals  in 
cloglcal  Fluids,  Ed.  S.  Facchetti,  Elsevier,  Amsterdam,  1983, 
209-232 

W.  Niimberg,  Fresenius  Z . Anal .Chen . ,  316  (.198?)  557-565 
v'alenta,  in:  Trace  Element  Speciation  in  Surface  Waters  and 
s  Ecological  Implications,  Ed.  G.G.  Leppard,  Plenum  !r:s s, 
iv  York  1983,  p.  49-69 


6.1 


THE  VOLTA  POTENTIAL  MEASUREMENTS 
AND  THEIR  APPLICATIONS  IN  ELECTROCHEMISTRY 

Z.  KOCZOROWSEI 

Department  of  Chemistry,  University  of  Warsaw 
ul.  Pasteura  1,  02-093  Warsaw  (Poland) 

It  is  the  aim  of  the  lecture  to  remind  the  classical  basis  of 
the  Volta  potentials  and  to  show  the  present  state  of  study  of 
them  and  their  importance  in  various  electrochemical  systems. 

The  Volta  potential  V  is  the  difference  of  outer  poten¬ 
tials,  i.e.  of  potentials  in  points  situated  Just  outside  the  pha¬ 
ses  Ct  and  p  .  Any  two-phase  electrochemical  systems  may  be  chara¬ 
cterised  by  the  commonly  known  relation: 

Ajb  V  -  -  *tp  <o£  -  ol\)  (d 

where  and  are  the  real  potentials  of  the  charged  species 
i,  defined  as  the  sum  of  its  chemical  potential  and  of  the  elec¬ 
trical  term  containing  the  surface  potential  of  phase: 

(>1  -  JUl  ♦  ZjPX  (2) 

Relationships  (1)  and  (2)  together  with 

(?) 

where  Ap^le  the  Galvani  potential  of  two-phase  system  make  it 
possible  to  find  some  important  information  from  the  electrochemi¬ 
cal  point  of  view.  One  should  distinquish  three  basic  groups  of 
such  information.  The  first  concerns  a  possibility  to  measure  the 
real  potentials  from  the  relationship  (1)  for  such  two- phase  sys¬ 
tems  like  metal  -  metal,  metal  -  solid  -  electrolyte,  metal  -  li¬ 
quid  solution  of  electrolyte,  electrolyte  solutions  in  two  solven¬ 
ts  or  in  the  same  solvent.  This  last  enumerated  system  provides 
the  basis  for  measuring  the  so-called  real  activities. 


The  second  group  of  information  originates  from  the  Volta  po¬ 
tential  measurements  of  systems  where  conditions  are  oreated  to 
allow  measuring  the  changes  in  surface  potential  of  one  phase 
only.  Such  measurements  are  most  popular  and  they  are  used  in  in¬ 
vestigation  of  adsorption  on  solids  and  liquids. 

The  third  group  deals  with  measuring  of  changes  in  chemical  po¬ 
tentials  of  species  in  a  phase.  They  are  applied  for  investigation 
of  diffusion  and  partition  potentials  (look:  at  the  poster  by  Ko~ 
CL'Orcwski  and  Zagdrska). 

The  newest  most  characteristic  and  moot  important  reoults  of 
the  7o.lta  potential  measurements  belonging  to  the  three  groups 
are  presented.  Among  them  the  importance  of  Volta  potential  of 
metal  -  electrolyte  solution  system  is  stressed.  This  magnitude 
together  with  work  function  of  electrons  in  metal  conctltutec  the 
absolute  electrode  potential  as  it  was  shown  by  Traoatti. 

The  principles  are  reminded  of  the  Volta  potential  oeenureraente, 
namely  cf  the  ionization  method,  the  eondeneer  method  and  jet  me¬ 
thod.  The  examples  are  given  of  recent  experimental  setups. 
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ELECTROCHEMICAL  INVE3TI GATIGN  OP  JOi-iE 
E0LID  PROTON  CONDUCTOR.! 

D.M.Kinic  and  M.V. Susie 

Institute  of  Physical  Chemistry,  Faculty  of  Ccience, 
Belgrade ,otudontski  trg  16, Yugoslavia 


It  has  been  proved  that  a  great  number  of  both  organic  and  inor¬ 
ganic  substances  in  a  solid  state  are  cnaracterizod  by  a  proton 
conductivity*.  .Some  of  these  substances  show  a  very  good  conduc- 
tirity  (a  conductivity  of  liquid  electrolytes  order)  at  room  tem¬ 
perature  already,  what  proved  to  be  the  reason  of  ever  increasing 
scientific  and  practical  interes  for  these  systems.  A  proton  con¬ 
ductivity  depends  on  the  structure  of  a  solid  eleotrolyte,  first 
and  foremost  on  proton  bounding  energy  and  on  some  other  energetic 
and  steric  barriers  that  influence  on  proton  mobility.  Therefore, 
investigation  of  structure,  particularly  of  energetic  wad  steric 
position  of  protons,  as  well  as  a  correlation  of  these  properties 
with  electrochemical  properties  should  be  thoroughly  carried  out. 
Cur  research  work  of  this  type  of  electrolyte  was  directed  to  aci¬ 
dic  phosphates  LiH^PO^  (A),  UC^KPO^. 3H20(B)  and  crystallohydrates 
JdBr2.4H30  (C),  K2H2ob20r,.4H20  (B) . 

The  polycrystalline  powder  of  these  electrolytes  samples  was  press 
ed  under  the  pressure  of  C.5  GPa  in  pellets  thickness  of  l-3mm  and 
diameter  of  6  mm.  Electrochemical  analyses  were  performed  in  three 
electrode  system  (?t  being  the  working  and  Ag  both  reference  and 
counter  electrodo)  by  electrocnemical  system  PAR  1?0  at  several 
differnt  temperatures. 

It  is  ovident  from  cyclovoltamograms,Fig.l(a-d)  that  both  the  cat¬ 
hodic  and  anodic  decomposition  cf  A,B,C  aad  D  electrolytes  wns  car 
Tried  out  at  room  temperature. 

The  anodic  decomposition  of  crystnllohydrntoa  corresponded  to  oxi¬ 
dation  process  of  Cli”  group:  20".”  -  2o  1/20  equilibrium  poten¬ 
tial  S.„=o.b  v  while  oxidation  of  PC?”  group  oc cured  bciii*  pkojuha 

«*»  *■'  i 

tos:  10^”  -2 9 - V202  +  ICC,  Er=1.2V  .  bec-crpc  siticr.  volt  . -,c- 

ol  the  mentioned  electrolytes  are  given  in  fable  1,. 


!/»cc r. tc  it i.i c r 


Big.l  Cyclic  voltammograms  at  room  temperature:  a)  LiE^PO^  for 
3t= 2.0V  i  Ef=-2.0V;  b)  UOgHFO^.JHgO  ,Ei=1.5V  and  Ef=-2.0V;  c) 
CdBr2.4H20,Ei=0.5V  and  Ef=-2.0V;  d)  K2H23b207.4H20,  E^P.OV  and 
Ef— l.cV.  *  *  *"  “  "  ' 


Fig. 2  Cyclic  voltamnograms:  a)  LiH-^PO^  at  365K  Tor  Ei=2.0V  and 
Ef=-2.CV  and  b)  UOgHPO^ . 3H20  at  345  K,  Ei=1.4V  and  Ef-1.5V. 

Aaodically  eroluted  oxygon  was  partially  deposited  along  the  ele¬ 
ctrode,  as  well  as  near  electrode  layer  and  was  reduced  before  hy¬ 
drogen,  during  cathodic  polarization,  peak  I.  The  uncrease  in  tem¬ 
perature  and  the  prolongation  of  anodic  polarization  was  followed 
by  the  ris®  in  height  of  these  peaks.  Besides,  the  reduction  of  II+ 
ions  was  evident  in  all  the  cases  within  the  cathodic  potential 
field  H-  +  e  -o-l/2H? .  It  can  be  seen  from  the  Figure  that  the 
evoiuted  hydrogen  either  of  lower  or  greater  quantity  detained 
along  the  electrode  or  near  electrode  layer  and  was  oxidized  during 
recurrent  polarization, peak  III. 

Che  equilibrium  potential  of  this  process  and  the  exchange  current 
were  de termini  by  application  of  ihe  Tafel  equataion  on  polarization 
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curtea.  At  this,  the  correlation  for  ohu  drop  through  electrolyte 
was  made  on  the  basis  of  measured  reel  st&B.c® ,  Table  I. 

Table  I.  Decomposition  volt ago  0  .equilibrium  potential  E  and 
exchange  current  i  of  cathodic  evolution  of  hydrogen 
on  Pt  electrode. 


Electrolyte 


Temperature 


C'pi-E^.  5t'2C 
dBro.4Ho0 

C.  CL 

■uo  “lObnCn  a 


Having  considered  the  values  la  Table  I  we  noticed  that  eqtn.li- 
brims  potential  of  3*  reduction  depeadod  on  the  bonding  energy 
existing  between.  il+  ior.a  which  was  -O.fcV  aproxiaateiy  whoa  aci¬ 
dic  salts  are  concerned  and  -O.hy  upprcxin.Hivly  whan  nry-ti  il riv 
hydrates  are  considered.  The  structural  Changes  cans  ad  by  t.cry- 
drat ion  due  to  resting  cf  sa." pies  t revoked  the  changes  of  elect 
properties, too. V.’ith  the  beginning  of  acia  crystal ich/drate  cehy 
oration  at  725  E  nr prcxiaately ,  the  cacnodic  reduction  of  a- id:, 
hydro  -  en  at  -C.r.7  approximately  was  proceiod  -»y  reduction  of  H*’ 
ions.teaicH*  which  oririaated  from  a  crystal  water, Eif.E. 
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PHASE  TRANSITIONS  IN  INSERTION  COMPOUNDS 

T.  Jacobsen,  K.  West,  B.  Zachau-Chr 1 st iansen  and  S.  Atlung 
r ysisk-Kemisk  Institut  ,  The  Technical  University  of  Denmark 
DK  2800  ,  Lyngby  ,  Denmark 


Jr.  insertion  compounds,  relevant  for  secondary  battery  electro¬ 
des:,  metal  ions  can  be  incorporated  into  the  host  lattice  accor¬ 
ding  to  the  electrochemical  reaction: 


xh’»xe"  +  H  •> 


£  1  ) 


je  :  o  the  finite  number  of  sites, 
at;':  ei  mined  by  structural  and  electro¬ 
nic  prop-,  ties  of  the  h^st  compound, 
ti.tr  species  inserted  can  be  treated  as 
a  r.  igrily  non-ideal  lattice  gas.  In 
n.ary  cases  strong  attractive  forces 
are  present  and  phase  separations 
inside  the  host  lattice  are  often 
ooserved.  This  condensation  phenomenon 
is  illustrated  by  the  linear  sweep 
vo,  t  amirogr  ans  in  fig.l  indicating  a 
pnise  transition  at  2.55  V  \ 

"he  present  work  is  a  computer  study 
of  the  phase  transition  reaction  with 
empnasis  on  the  solid  state  diffusion 
process.  To  treat  diffusion  in  a  non- 
»coai  lattice  qa3  the  un i -d imensiona 1 
ti  import  equation  13  written  as: 


fig.l  Dynamic  capacity 
for  Li  insertion  in 
V  0  2  £  B  )  . 


J  -  -  b x£l - x K  dp„  /  3  z )  (2) 

wr.ere  x  is  the  propability  of  a  site  to  be  occupied  by  a  guest 
.or,  and  i  1  -  x )  the  probability  of  finding  an  empty  neighbouring 
site.  Considering  only  first  order  deviations  from  ideality  the 
chemical  potential  of  inserted  species  is  given  by: 

P.  -  (i°,  f  RTln[x/(l-x)  ]  +  f  ( x  -0.5)  (3) 

where  x-0.5  is  taken  a3  standard  3tate  and  f  is  the  interaction 
parameter.  For  values  of  £  belou  -4  this  expression  is  no  longer 
a  ;  no  t  ic  function  of  x  and  phase  separation  occurs.  From  eqs. 
1: .  and  the  condition  of  mass  conservation  the  follow:  ”g 

nr  -leg  to  Pick '  s  second  law  is  obtained: 
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3 1  =  -  3z(D0n  +  f*Cl-x)]||)  (4) 

This  diffusion  equation  has  an  interesting  feature.  Below  the 
critical  value  of  the  interaction  parameter  the  enhancement  fac¬ 
tor  (the  square  bracket)  turns  negative  in  the  region  where  the 
tu  -x  relation  has  a  negative  slope.  A3  consequence  stable  solu¬ 
tions  contain  a  discontinuity  and  phase  separation  is  an  inherent 
property  of  the  transport  equation.  Furthermore,  since  eq  (4)  has 
the  form  of  the  second  Fick  law  with  a  diffusion  coefficient 
depending  on  composition  it  can  be  solved  numerically  with  a 
simple  computer  routine  without  the  introduction  of  moving  boun¬ 
dary  conditions. 


the  surface  charge  transfer  reaction  the  metal  ion  13  removed 
:.-cr  the  solvating  electrolyte  phase  and  inserted  in  the  surface 
layer  of  the  host  lattice.  Taking  the  interactions  in  the  inser¬ 
ter,  phase  into  account  and  assuming  these  to  have  no  influence 
on  the  transition  state,  the  Volmer  Butler  equation  is  modified 


* 

:x  k 


°exp[  Llz&lfczSlll  +  f(x* 


-  0.5)1 


(5) 


’  ( 1  - x  )chk°expi 


FT 


(6) 


where  13  the  rate  constant  at  the  standard  pocential  eJ  (x  =  U.o 
and  cM=l  mol  dm-3)  and  >:  *  is  the  degree  of  insertion  in  the 
surface. 

To  investigate  the  phase  transition,  linear  sueep  voltarcmograms 
have  seen  simulated  for  an  insertion  electrode  of  finite  thick¬ 
ness  L  oy  a  finite  difference  method.  In  this  case  the  diffusion 
equation  f/l)  is  solved  with  the  boundary  conditions: 


z  =  L  =  >  J  =  0 

s  =  0  -->  J  =  -D  ( 1  +£ x  ( 1  -x  )  ) =  F  (  1  +  i  ) 

U  0  4  + 


(7) 

(8) 


si  mu  1  aped  sweeps 
::i  -0  and  £  =  -4.2 


d  JC/dE  1 

1 

dE/dT  •  i 

\  * 

L 

\  5 

r 

1 

\\  '0' 
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In  fig. 2  simulations  performed  for  f  =  0  (ideality)  and  £=-4.2 
(miscibility  gap  :  0,31<x<0.69)  are  shown.  In  both  cases  equili- 
btium  for  the  surface  reaction  was  assumed.  Whereas  the  ideal 
electrode  exhibits  an  almost  reversible  behaviour,  the  phase 
transition  introduces  a  pronounced  hysteresis,  even  at  very  low 
sueep  rates.  Furthermore,  the  extremely  narrow  peak  (in  theory  a 
delta  function),  when  the  phase  transition  occurs  on  the  elec¬ 
trode  surface,  is  noted. 

To  illustrate  the  formation  and  movement  of  the  phase  boundary 
concentration  profiles  are  plotted  in  fig. 3. 


Fig.J  Concentration  profiles  Fig. 4  Simulated  sweep  for 

for  £=-4.2  and  $*-10  f=~4.2.  $f=l0,  K  =  1  ,  a  =  0.5 

Cue  to  the  presence  of  ;R  drops  and  surface  kinetics  linear  sweep 
voltammograms  do  in  practice  not  show  the  delta  function  beha- 
v : :  j  r  of  fig. 2  ^ .  In  fig. 4  the  effect  of  surface  kinetics  is 

included  and  the  oroadening  of  the  peaks  is  seen. 

7AECE  I  Dimensionless  quantities 


Length  Z  'I 

Time  V  =  tr0/L2 

Potential  E  =  eF/PT 

Rate  constant  K  =  k°L/D0 
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AUTOMATED  FOUR-PROBE  MEASUREMENT  OF  THE  TEMPERATURE  DEPENDENCE 
OF  THE  CONDUCTIVITY  OF  POLYCRYSTALLINE  SOLID  ELECTROLYTES 

P.Linhardt,  M. Maly-Schreiber  and  M.W.Breiter 
Institut  ftir  Technische  Elektrochemie ,  TU  Wien,  9  Getreide- 
markt,  A-1060  Wien,  Austria 


An  automated  sec 
conductivity  of 
ature  was  descri 
ly,  the  AC  volta 
with  that  betwee 
absolute  value  a 
and  the  umplific 
the  accuracy  of 
of  the  resistor 
es  when  the  re  si 
Satisfactory  acc 
ature  range.  The 
set-up  which  mak 
phase  meter  (HP 


-up  for  the  four-probe  measurement  of  the 
a  solid  electrolyte  as  a  function  of  temper- 
bed  in  a  previous  communication"1 .  Essential- 
ge  across  a  standard  resistor  is  compared 
n  the  two  inner  contacts  with  respect  to  the 
nd  phase  angle.  Since  the  standard  resistor 
ation  of  the  two  signals  remain  constant, 
the  measurement  is  good  for  comparable  values 
and  of  the  said  impedance.  The  accuracy  decreas- 
stor  and  the  impedance  are  vastly  different, 
uracy  is  only  achievable  in  a  limited  temper- 
overall  accuracy  was  improved  by  a  modified 
es  use  of  the  logarithmic  output  of  the  gain 
3575A)  . 


A  schematic  diagram  of  the  new  set-up  is  shown  in  Fig.l.  The 
sample  with  the  leads  and  inner  contacts  is  held  inside  the 
alpha  alumina  tube  of  a  small  furnace  surrounded  by  insulat¬ 
ing  material.  The  attachment  of  the  jeads  and  inner  contacts 
was  the  same  as  in  the  previous  worK  of  one  of  the  authors. 

The  furnace  and  the  insulation  are  kept  inside  a  glass  vessel 
with  a  removable  lid  under  an  inert  atmosphere.  The  furnace 
is  heated  by  DC  power  from  a  programmable  power  supply  (HP 
6269B).  The  personal  computer  (HP  86B)  controls  the  increase 
or  decrease  of  the  temperature  with  time.  The  heating  rate 
is  nearly  a  linear  function  of  time  and  can  be  varied  between 
0.1  and  10  K/min.  A  thermocouple  in  close  contact  with  the 
solid  electrolyte  cell  measures  the  temperature. 

At  predetermined  intervals  the  AC  signals  between  the  two 
inner  contacts  and  across  a  standard  resistor  are  amplified 
and  recorded  by  the  data  acquisition  unit  (HP  3412A)  under 
control  of  the  PC.  The  AC  current  is  supplied  by  a  suitable 
pcter.tiostat  operating  in  the  galva ecstatic  mode.  The  freq¬ 
uency  can  be  varied  between  1  and  10000  Hz.  The  data  acquisit¬ 
ion  unit  alsi  records  the  output  voltages  of  the  gain  phase 
meter  and  the  voltage  of  the  thermocouple .  fince  the  inputs 
of  the  phase  meter  are  grounded,  they  have  to  be  connected 
to  the  outputs  of  the  differential  amplifiers  of  the  name 
make  in  the  amplification  stage  (  set*  Fig.  I  ).  The  ecqu  .si v. ton 
unit  transfers  the  data  point  by  point  to  tn«.  PC.  The  proc-'use  i 
data  are  available  ir.  the  form  of  a  disc  and/or  listings  and 
different  forms  of  plots  produced  by  a  printer  ( til  8290b). 
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To  reduce  the  influence  of  a  contact  resistance  at  the  two 
inner  contacts  the  input  impedance  of  the  amplifier  is  made 
large  (9  lCr  ohm) .  This  reduces  the  AC  current  which  flows 
through  the  contacts  and  the  input  impedance.  A  second  possib¬ 
ility  of  an  influence  of  the  contacts  on  the  measured  conduct¬ 
ivity  arises  when  the  good  conductivity  of  the  relatively 
wide  contacts  (  brushed  on  silver  paint  )  makes  a  part  of  the 
AC  current  enter  at  one  side  of  each  of  the  two  contacts 
(  transition  from  ionic  to  electronic  conductivity  )  and  leave 
at  the  other  side  (  transition  from  electronic  to  ionic  cond¬ 
uction  ) .  The  phase  angle  which  should  be  close  to  0  in 
the  absence  of  contact  effects  indicates  when  the  influence 
of  the  second  possibility  has  to  be  considered.  The  effect 
depends  upon  temperature  and  frequency. 

The  processed  data  of  measurements  on  three  isomorphs  (  Na,  Ag 
and  Pb  beta"  alumina  ),  produced  by  ion  exchange  from  polycryst 
all::ie  material  l  about  85%  beta”  alumina  and  15%  beta  alumina) 
from  Brown,  Bcvery  &  Cie.,  are  shown  as  (  T  )  versus  1000/T 
in  a  semiiogarithmic  plot  in  Pig.  2  as  an  example.  The-^plots  for 
Na  and  Ag  beta"  alumina  are  similar  to  those  obtained  on 
the  respective  isomorphs  made  from  Ceramatec  Inc.  material. 

The  conductivity  of  Pb  beta"  alumina  is  much  better  than  the 
values  quoted  in  reference  3. 
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Mixed  valence  compounds  containing  an  element  in  two 
different  oxidation  states  in  a  crystal  lattice  seem  to  be  able 
to  offer  a  class  of  electrode  system  unique-  in  electrochemistry 
(1,21.  In  the  previous  paper(3),  we  have  dealt  with  the 
expression  on  the  electrode  potential  fc-r  Prussian 
b  1  ue  ( PB) / Ever i 1 1 ' s  salt(ES)  system  from  a  stastical  thermodynamic 
consideration  and  the  differences  between  a  redox  reaction  in  a 
solution  and  that  in  a  solid  matrix  have  been  discussed. 

The  final  equation  which  was  derived  in  the  paper  was 

nT 

In- - - - 

E  (  n.  -  n  ) 


E  -  E, 


RT 

F 


ln(V 


RT 


where 


E_  = 


(  V 


-»  PB 


+  P 


•«-  PB 


RT 

F 


In 


1  n0  -  nR  ) 


(1) 


(2) 


According  to  eqs.(l)  and  12),  the  59  mV  dependence  at  25°C  with 
respect  to  log(a  )  and  the  different  E_  values  with  different  R 
ions  would  be  expected.  In  order  to  understand  the  electrode 
potential  of  PB  /  ES  system  more  in  details,  this  series  of 
experimental  works  were  carried  out. 


Thin  film  of  PB  was  electrochemica  1  ly  prepared  on  Pt.  Elec¬ 
trodes  were  cathodically  polarized  at  40  pA-cm  for  120  sec  in 
freshly  prepared  the  mixed  electrolyte  (  0.02M  FeC  1  ,  ,  0.02M 
K-Fe(CN),)  at  room  tempera tu re ( 4 ) .  Thin  film  of  PB  deposited  on 
Pf-electrode  was  rinsed  with  distilled  water  to  remove  a  part  of 
undesirable  chemical  species  from  an  electrode  surface.  The 
prepared  electrode  were  ^soakejl  in+  the  same  concentrations  of  RC1 
solutions  (R  =  Cs  ,  Rb  ,  N  H  ^  ,  K  ,  Na  and  Li  )  as  these  to  be 
examined  for  aoout  3  hours  before  use.  Cyclic  voltammetry  was 
performed  using  a  potent iostat  Model  PGS-1525  (  Kov/a  Electronics 
Works,  Co. Ltd. , Japan)  combined  with  a  function  generator  Model 
F 0-101  (  Kowa  Electronics  Works  )  and  the  data  were  recorded  on  a 
Houston  Model  ICO  X-Y  recorder. 


Figure  1  shows  the  shapes  of  vo 1 ta m me t r ic  peaks  for  the 
reduction  of  PB  and  the  oxidation  of  ES  in  RC1  solution.  The 
vol tammotr ic  reduction  peak  of  PB  and  the  oxidation  of  of  ES  were 


0.)  mA-cm 
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E  /  V  vs.  SCE  E  /  V  vs.  SCE  E  /  V  vs.  SCE 


Fig-1  Vol tammetr i£  shapes  $>f  fB/E$  electrode  system  in  RC1 
solution  (R  =Li  ,  Na  ,K  ,Rb  ,Cs  and  NH  ). 

Sweep  rate  :  0.01  v-sec  .  4 

almost  symmetrical  up  to  the  sweep  rate  of  100  mV-sec  1  in  RbCl, 
NH  .C 1 .  KC1  and  NaCl  solution.  Well-defined  voltammetric  peaks, 
however,  were  not  observed  in  LiCl  and  CsCl  solution,  suggesting 
that  the  dimentional  limit  with  respect  to  ionic  radius  exist  for 
the  insertion  of  cation  into  the  PB  matrix. 

The  peak  potentials  and  the  mid-poir.t.s  of  them  were  .  shifted 
toward  tl^e  anodic  direction  with  increasing  in  PCI  (  Rb  ,  NH.  , 
K*  and  Ha  )  concentrations  as  a  function  of  (RT/F) In (aR+)  as  was 
shown  in  Fig. 2.  The  mid-points  of  anodic  and  cathodic  peaks 
(E1)  at  a  .  =  1  were  summarized  as  the  standard  electrode 

potential  iEq)  of  PB/ES  electrode  system  in  Table  1.  The  Eg 

values  depended  on  the  types  of  cations  used  as  was  expected  from 
oq.(2,.  From  these  experimental  results,  we  will  discuss  on  how 
to  define  the  standard  electrode  potential  of  such  an  electrode 
system  from  a  thermodynamic  point  of  view. 
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SEPARATION  OF  FARADAIC  AND  CAPACITIVE  CURRENTS 
IN  CONDUCTING  POLYMER  VOLTAMMETRY 
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Capacitive  phenomena  are  very  important  perturbations  in  the  electro- 
ar.alysis  of  conducting  polymers  like  polypyrrole,  and  are  complicated  by 
the  dependence  of  the  capacitance  upon  the  oxidation  state  as  shown  by 
FELDBERG  . 


The  approach  presented  here  is  based  on  deconvolution  procedures 
allowing  extraction  of  the  pure  faradaic  response  of  a  linear  potential 
sweep  voltammetry.  Two  distinct  cases  can  be  handled  : 

-  The  electrochemical  mechanism  is  known  (reversibility,  semi-infinite 
or  restricted  diffusion  or  absence  of  mass  transport,  number  and  nature 
of  the  steps,  ...)  but  not  the  dependence  law  of  the  capacitance  versus 
the  faradaic  charge  :  This  last  law  can  be  determined  together  with  the 
evaluation  of  eventual  resistive  effects. 

-  The  opposite  case  of  a  known  variation  law  for  the  capacitance, 
measured  by  an  impedance  method  for  example,  or  by  analysis  of  limiting 
cases  in  cyclic  voltammetry,  and  an  unknown  electrochemical  mechanism. 
This  is  the  most  interesting  situation  which  can  also  be  treated  in 
presence  of  resistive  effects. 

Application  of  this  method  is  illustrated  with  polypyrrole  films 
voltammetry. 


S.W.  FELDBERG,  J.  Am.  Chem.  Soc.,  106  (198-1)  4671. 
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STUDY  BY  POTENTIAL  MODULATED  SPECULAR  REFLECTANCE 
SPECTROSCOPY  OF  ANODIC  IRIDIUM  OXIDE  FILMS. 
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Since  the  discovery  in  1975  of  the  electrochromic  effect 
ick  anodic  iridium  oxide  films  by  Buckley  and  Burke1  ,  many 
have  appeared  on  this  system,  due  to  its  potential  use  as 
ay.  Much  effort  has  been  devoted  to  the  identification  of 
hanges  in  oxidation  state  of  iridium  corresponding  to  the 
peaks  which  can  be  seen  in  cyclic  voltammograms ,  such  as 
in  0.1M  HzSOu  shown  in  Fig.  1.  The  main  peak  (designated 
)  corresponds  to  the  coloration-bleaching  process  occu- 
at  more  positive-more  negative  potentials,  respectively, 
researchers  agree^  that  it  is  due  to  a  change  in  the  oxida 
state  of  iridium,  from  Ir(III)  to  Ir(IV) . 


The  in-situ  technique  of  Potential-Modulated  Specular  Re¬ 
flectance  Spectroscopy  (PMSRS)  knew  a  short-lived  surge  of  inte 
rest  in  the  early  70s,  as  it  was  then  thought  that  this  techni¬ 
que  could  throw  light  on  many  unsolved  problems  of  Interfacial 
Electrochemistry ^ .  PSMRS  is  inexpensive  and  experimentally 
simple.  However,  when  used  for  identification  of  mono-or  multi¬ 
layers  elect rede posited  on  the  electrode, interpretation  of  the 
results  is  far  from  simple. 

The  technique  was  conventional:  a  100  mV  peak-tc-poak 
sinusoidal  modulation  was  applied  to  the  electrode,  and  the 
change  ( --K)  in  the  specularly  rc-r  letted  i  ight  (P.;  was  detected 
with  a  -ock-in  amplifier. 

The  oxide  films  were  grown  by  triangular  potential  cycling 
at  200  mV/s  between  0  and  1500  mV  vs  reversible  hydrogen  elec¬ 
trode  (RLE) .  The  shape  of  the  spectra  was  independent  of  the 
thickness  of  the  oxide  layer,  which  snows  ►h-.c  the  maxima  ob¬ 
serve']  arc  not  due  to  interference  effects.  Topical  I’MSP.  spec¬ 
tra  are  shewn  11.  Fig.  2.  They  correspond  to  pork  rll  in  acid, 
neutral,  and  basic  media  {pH  0,9,  6.9  and  12.4,  respective:!,), 
x here  is  an  absorption  maximum  at  360-330  nm,  which  snows  that 
it  corresponds  to  the  same  process.  Apparently  tn-2  different 
coordination  spheres  of  the  iridium  ion  ,  with  different  propor 
tiens  of  H3Ot,  i{  2 0  and  OH  species,  do  not  nearly  change  the 
absorption  spectrum  of  the  Ir  ion.  An  extreme  example  cf  this 
constancy  of  the  spectrum  is  that  of  the  Cr2+  ion  ,  which  shows 
the  same  two  maxima  at  ~  430  ar.d  600  run,  eitner  in  aqueous  solu 
*.  -on  as  Cr(H;0)  /  ion,  or  ir.  the  green,  solid  sesquioxide  Cr.c~ 
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It  is  to  be  noted  that  the  spectrum  obtained  when  stopping 
the  potential  sweep  at  the  anodic  peak  exactly  coincided  with 
that  obtained  when  stopping  at  the  cathodic  peak,  i.e.  reversi¬ 
bility  seems  to  be  perfect. 

A  very  interesting  fact  is  that  the  wavelength  of  the  main 
absorption  maximum  increases  linearly  with  peak  potential  (i.e. 
with  increasing  oxidation  of  the  anodic  film) ,  as  is  shown  in 
Fig.  3.  We  can  offer  no  explanation  for  this  relationship. 

Finally,  in  Table  I  we  present  the  absorption  maxima  ob¬ 
served  in  0 . 1 M  H 2 S04  at  several  potentials.  It  is  clear  that 
each  peax  has  a  typical  absorption  spectrum.  The  maximum  at 
280-300  nn  constitutes  an  exception,  as  it  appears  over  the 
whole  potential  range.  This  could  be  due  to  disnutation  of  the 
higher  oxides,  perhaps  by  a  mechanism  such  as  that  proposed  by 
Kctz  et  al2: 

IrO 3  +  n20  - »  IrO (OK)  2  +  1/2  02t 

The  absorption  maxima  at  neutral  and  basic  pH  basically 
coincide  with  those  observed  for  the  same  peaks  ac  acid  pH.  As 
sai"  before,  this  implies  that  the  electronic  levels  of  a  given 
oxidation  state  of  Ir  are  not  altered  much  when  OH-  is  substi¬ 
tuted  for  H  20  in  the  coordinations  sphere  of  Ir. 

Transmission  spectra  of  KBr  pellets  of  Ir  oxides  from 
Fluka  showed  the  following  absorption  maxima 

IraCj  :  430  nn,  525  nn, 640  nm  (weak) 

IrOa  :  270  nm  (weak),  440  nm  (very  broad),  640  nm  (weak). 

Unfortunately,  these  data  do  not  allow  us  to  assign  oxidation 
states  to  the  absorption  maxima  observed  in  the  PMSR  spectra. 

Table  I .  Absorption  maxima  in  PMSR  spectra  of  an  iridium  elec¬ 
trode  in  0.1M  H  iSG  i. ,  pH  0.9. 

Pot.  v~  P.HE/mV _ Absorption  maxinum/nm _ 
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INTRODUCTION 

Nickel  oxide  films  are  usually  obtained  either  by  chemical  or  electro¬ 
chemical  precipitation  of  nickel  hydroxide  on  different  substrates1--*.  On 
tne  other  hand,  the  direct  anodic  oxidation  o+'  nickel  in  alkaline  solution 
seems  to  be  not  a  suitable  method  to  obtain  thick  cxide  films3, 

Tne  present  work  describes  a  square  wave  potential  anodizing  procedure 
which  promotes  the  macroscopic  growth  of  thick  oxide  films  on  nicke1  elec¬ 
trodes  in  alkaline  solution. 

EXPERIMENTAL 

Runs  were  made  in  a  three  electrode  comDartmer.t  Pyrex  glass  cell.  The 
working  electrodes  were  nickel  wires  1  cm  long  and  0,5  mm  diameter.  A  large 
platinum  counterelectrode  was  used.  The  counterelectrode  compartment  was  con 
oected  directly  to  the  rest  cf  the  cell  to  minimize  the  ohmic  drop  between 
electrodes.  Runs  were  made  in  NaCH  solutions  at  different  concentrations  bet_ 
ween  0,1  M  and  2  M  at  30°C.  A  hycrogen  reference  electrode  in  the  same  elec¬ 
trolyte  solution  was  employed. 

The  anodizing  procedure  consisted  of  applying  a  square  wave  potential 
signal  (SWPS)  to  the  working  electrode  between  lower  (E^)  and  upper  (Eu) 
potential  limits  at  a  certain  freauency  (f)  during  a  certain  time  (t). 

RESULTS 

When  a  nicKol  electrode  is  subjected  to  the  SWPS  under  a  orooer  set  of 
potential  perturbation  conditions  a  thick  anodic  oxide  film  is  formed.  Vo 1  - 
tanr.ograms  run  at  C,1  V/s  between  0.05  and  1.55  V  show  a  remarkable  increase 
in  the  electrooxiaation/electroreduction  cnarges  associated  with  the  presen¬ 
ce  of  tne  nickel  oxide  film  in  the  potential  range  of  the  Ni  (I  I  )/*«  i  ( 1 1 1 ) 
redo.’-  system. 

The  relative  increase  in  charge  (R;  is  evaluated  through  the  relation- 

■  r  i  a : 

1  -  ‘vyWoN 

v.V'-e  Do  deuv.es  She  oUctroreduction  charge  associated  with  th»  rr.crti  oxide 
'  i  t:'  oeforo  (hi  -■"•a  jfttr  (a)  the  SUPS  trea  unont . 

The  <!■•••> i>t-d  .or  t*  ./  R  cr:  the  i.mrar  tor .  s t  i c.-:  o'-  tv  ST,' PS  '.'.as  dot<  r -•  i re  1 
v  -■  o.i  («i  lotion.  Thus,  when  t  =  -i.j  7,  ;  -  . . k;L  ...id 

*!  i  vs  F  plot  shows  two  max  to  to  values  ,*.  *  k  .cl  ova  "c  EO  ,t..1  T:.  a 
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1.7  V,  f  =  2.5  kHz,  t  =  3  min)  the  dependence  of  R  on  presents  a  maximum 
at  E i  =  -1.6  V. 

The  dependence  of  R  on  f  was  also  determined. For  Eu  =  1.7  V,  E^  = 

-1.6  V  and  t  =  3  min,  there  is  an  optimal  frequency  at  ca.  2.5  kHz.  The  low¬ 
er  threshold  frequency  to  obtain  a  remarkable  increase  in  the  value  of  R  is 
ca.  0.5  kHz,  a  value  previously  reported  for  oxide  films  formation  on  plati¬ 
num5.  Furthermore,  the  value  of  R  depends  on  the  duration  of  the  SWPS.  For 
Eu  =  1.7  V,  E£  =  -1.1  V  and  f  =  2,5  kHz,R  initially  increases  linearly  with 
t,  attains  a  maximum  value  at  t  =  1  min  and  then  decreases  with  t. 

DISCUSSION 

The  present  results  demonstrate  that  the  application  of  the  SWPS  to  a 
nickel  electrode  in  alkaline  solution  under  carefully  preset  potential  per¬ 
turbation  conditions  promotes  the  macroscopic  growth  of  a  thick  anodic  oxide 
film  and  correspondingly  a  remarkable  increase  in  the  charge  storage  capaci¬ 
ty.  The  preliminary  results  suggest  that  the  growth  of  the  anoaic  oxide  film 
under  SWPS  follows  a  mechanism  similar  to  that  recently  discussed  for  the 
oxide  films  on  noble  metals5'?, 
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INTRODUCTION 

It  has  been  shown  recently  that  the  voltammetric  response  of  polycrvs- 
tal'iine  Pt  electrodes  in.  acid  solutions  in  the  H-  and  0-adatcms  electrosorp- 
ticn/electrodesorption  potential  range  can  be  modified  by  applying  fast  pe¬ 
riodic  potential  perturbations  under  well  defined  potential  perturbation  con 
ditions1.  The  final  vol tanwetric  response  of  the  electrodes  after  the  treat- 
.-nent  approached  closely  to  that  accomol  i shed  from  either  P t ( 111)  or  Pt(lOG) 
surfaces  after  they  have  been  subjected  to  some  cycles  in  the  O-electrosorp- 
tion  potential  range.  It  was  also  found  that  this  treatment  yielded  surfaces 
with  preferred  orientation  from  the  polycrystalline  platinum  electrode^.  More 
recently,  the  structural  changes  of  an  atomically  smooth  Pt(lll)  surface  in¬ 
duced  by  either  the  annealing  and  cooling  procedure  or  the  electrochemical 
adsorption  of  oxygen,  has  been  followed  by  voltammetry  in  a  sulphuric  acid 
solution.  Tne  difference  in  the  type  of  the  vol tanmograms  of  H-adatoms  on  a 
Pt(ill)  surface  was  related  to  the  difference  in  the  cooling  conditions 3. 

Special  attention  should  be  paid  to  these  modifications  of  the  Pt  elec 
trade  surfaces  resulting  from  either  an  initial  single  crystal  or  a  polycrys- 
talline  Pt  as  they  probably  imply  common  configurations  of  the  electrode 
surface  which  are  apparently  achieved  after  applying  preset  potential  pertur¬ 
bation  conditions,  The  present  work  points  out  that  most  of  the  voltammetric 
responses  of  Pt  electrodes  obtained  from  "true"  single  crystal  surfaces  can 
be  also  approached  from  polycrystal  1 ine  Pt  when  the  latter  is  treated  with 
a  fast  periodic  potential  perturbation  under  well  defined  potential  limits 
and  frequency  conditions. 


RESULTS 

When  a  polycrystal  1 ine  Pt  electrode  in  I  M  H^SCh}  at  25 'C  is  subjected 
to  a  repetitive  triangular  potential  sweep  (RTPS)  at  104  v/s  during  12  hs 
between  0.42  V  and  1 . 10  V  (vs.  RHE),  the  voitammogram  run  immediately  after¬ 
wards  at  0.1  V/s  between  0.05  V  and  0.60  V  approaches  to  those  reported  in 
refs.  4a  (Fig.  3)  and  4b  (Fig.  lb).  The  voitammogram  reported  in  ref.  4b  as 
correspond! ng  to  the  "initial  state"  was  obtained  from  a  Pt(lll)  surface 
cleaneo  in  UHV  (Ar-  and  O-bombardment)  and  characterized  by  LEED  and  AES. 
After  a  single  triangular  potential  sweep  at  0.1  V/s  between  0.05  V  and  1.50 
V,  the  resulting  voitammogram  becomes  similar  to  that  referred  to  as  the 
voitammogram  for  the  standard  state"  of  the  Pt(lil)  surface  (Fiq.  1c  in  ref. 
-b)  and  also  to  those  obtained  by  several  authors  after  the  Pt('.il)  single- 
crystal  has  been  cycled  in  the  O-electrosorpticn  potential  '  wqion  Finally, 
after  RTPS  during  30  min  between  0,05  V  and  1.50  V  at  0.1  V/s  tne  resulting 
vc  1  tam;og rar.i  becomes  now  similar  to  that  reported  as  the  final  st3te"  of 
the  P t ( 111)  surface**15. 
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On  the  other  hand,  a  Pt  electrode  surface  with  (100)  preferred  crystal 
orientation  is  achieved  from  a  polycrystall ine  Pt  electrode  by  means  of  a 
RTPS  at  1.4x104  v/s  applied  between  0.06  V  and  1.50  V  during  12  hs  in  1  M 
H2SO4.  The  voltammogram  run  at  0.1  V/s  in  the  H-adatom  potential  range  ap¬ 
proaches  closely  to  thos.e  reported  by  several  authors  for  Pt(100)  surfaces  in 
sulfuric  acid  solutions**.  When  the  polycrystalline  electrode  is  treated  with 
a  RTPS  between  0,002  V  and  1.50  V  at  1.4x10^  V/s,  the  resulting  voltammogram 
at  0.1  V/s  approaches  closely  to  those  obtained  with  Pt(100)  surfaces  in  0.5 
M  H2SO4  (Fig.  2  in  ref.  7a  and  Fig,  1  in  ref.  7b).  Furthermore,  when  the  po¬ 
tential  scan  at  0.1  V/s  covers  the  O-electrosorption  potential  range,  the 
vol tanmogram  is  similar  to  those  found  from  Pt(100)  single  crystals  cycled 
in  the  same  potential  ranged, 7_ 


DISCUSSION 

The  present  results  demonstrate  that  structural  changes  of  the  Pt  sur¬ 
faces  followed  by  voltammetry  occur  both  in  single  crystal  and  polycrystal¬ 
line  Pt  electrodes,  In  any  case,  from  both  materials  it  appears  that  common 
surface  configurations  are  accomplished  from  either  Pt(lll)  or  Pt(100)  single 
crystals  and  from  polycrystalline  Pt  when  the  corresponding  surfaces  are  dis¬ 
turbed  'ey  relatively  drastic  potential  oerturbations.  These  common  preferred 
orientations  of  Pt  which  are  well  characterized  by  vol tamnietry  in  the  H-adatom 
electrosor,.„.or/electroaesorption  potential  range,  are  closely  representing 
the  true  characteristics  of  the  metal  surface  in  tne  absence  of  residual  me¬ 
chanical  stresses. 

Data  reported  at  present  can  oe  successfully  compared  to  the  surface- 
modifications  of  Pt  single  crystals  induced  either  by  bombardment  with  high 
energy  particles,  by  thermal  treatment  or  by  O-adsorption.  Thus,  the  dif¬ 
ferent  states  of  the  Pt  surfaces  resulting  from  P t ( 111)  single  crystals,  as 
described  in  ref.  4b,  can  be  also,  in  principle,  approached  from  polycrystal¬ 
line  Pt  after  producing  the  preferred  orientation  through  the  application  of 
fast  potential  perturbations . 

As  far  as  the  thermal  and  chemical  procedures  are  concerned,  under  cer¬ 
tain  conditions,  surface  modifications  yielding  restructuring  and  faceting 
are  achieved3,8,  while  in  the  electrochemical  procedure,  comparable  results 
are  obtained  through  the  fast  potential  perturbation  applied  to  the  electrode 
and  the  formation  of  either  OH-  or  O-electroadsorbed  species  from  the  under¬ 
potential  oxidation  of  water  in  acid  solutions.  Therefore,  the  thermal,  che¬ 
mical  and  electrochemical  procedures,  in  principle,  correlate  reasonably  well 
and  this  suggests  that  the  same  type  of  interaction  energies  plays  an  impor¬ 
tant  role  in  the  surface  restructuring  effect. 
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INTRODUCTION 


The  el ectroformation  and  electroreduction  of  surface  oxide 
layers  on  iron  in  alkaline  media  involve  simultaneous  charge 
transfer  and  chemical  rearrangements  of  the  film  structure  con¬ 
siderably  dependent  on  the  solution  composition  and  temperature 
l"4.  The  present  paper  refers  to  the  electrochemical  and  ellip- 
sometric  measurements  of  polycrystalline  iron  in  saturated  cal¬ 
cium  hydroxide  solutions  as  compared  to  measurements  made  in 
sodium  hydroxide  solutions  at  pH  12,6. 


EXPERIMENTAL 

Polished  polycrys ta 1 1 i ne  iron  (Specpure,  Johnson  Matthey 
Chemicals  Ltd.)  mounted  in  teflon  holder  was  used.  The  electro¬ 
lyte  consisted  of  either  saturated  Ca (ON)?  or  0.04  M  NaOH  solu¬ 
tions,  kept  under  purified  nitrogen.  The  electrochemical  cell 
was  mounted  in  a  Rudolph  Research  ellipsometer,  type  437-02/200 
D  manual,  provided  with  a  150  U  tungsten  lamp  with  filter  (5461 
The  incidence  angle  was  69°  and  that  of  the  compensator  was 
1C5".  Runs  were  performed  at  2oJC.  Potential  in  the  text  is 
-eferred  to  the  N H E  scale. 


RESULTS  AND  0ISCUSS10N 

Results  obtained  in  0,04  M  NaOH  are  similar  to  those  report- 
ad  in  strong  alkaline  solution  (Fig.  1),  The  vo 1 tammograms  run 
at  v  -  G.G4  V/s  between  -1.26  V  and  0.54  V  exhibit  three  anodic 
current  peaks  during  the  positive  going  potential  excursion,  at 
ca.  -0,76  V  (peak  I),  -0.62  V  (peak  II),  and  -0,38  V  (peak  III), 
and  the  cathodic  current  peaks  during  the  returning  scans  at 
ca.  -0,76  V  (peak  IV)  and  -0.98  V  (peak  V),  respectively.  Measu¬ 
rements  made  by  changing  systematically  both  the  anodic  and 
cathodic  switching  potentials  reveal  that  conjugated  processes 
take  place  in  the  potential  ranges  of  peaks  III  and  IV  (Fig,  2a). 

E 1 1 i p s ome t r i c  results  obtained  by  varying  both  the  anodic 
potential  and  the  potential  holding  time  suggest  the  initial 
formation  of  a  barrier  layer  whose  thickness  increases  proportio 
nally  to  the  electrode  potential.  The  correlation  between  ellip- 
sorcetric  parameters  (P  and  A)  and  the  anodic  charge  required 
to  form  tne  barrier  layer  shows  at  times  larger  than  0.4  s  a  new 
current  contribution  which  can  be,  in  principle,  assigned  to  the 
migration  of  metallic  ions  through  the  barrier  layer.  The  elec¬ 
trochemical  and  el  1 i psometri c  c ha rac ter i s t i c s  of  the  barrier 
layer  are  quite  similar  both  in  saturated  C  a ( 0  H )  p  and  NaOH  solu¬ 
tions. 
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Figs.  1  and  2  show  the  application  of  repetitive  triangular 
potential  sweeps  (RTPS)  producing  the  growth  of  a  second  hydrat 
ed  iron  oxide  layer  of  low  refraction  indixes,  whose  thickness" 
increases  during  cycling,  The  growth  of  the  second  film  also 
occurs  by  holding  the  potential  at  a  preset  value.  The  charac¬ 
teristics  of  the  second  film  is  different  in  saturated  C  a ( 0  H )  2 
than  in  NaOH  solution  at  the  same  pH, 

The  ellipsometric  data  in  0,04  M  NaOH  after  different  poten¬ 
tial  cycling  times,  measured  either  under  open  circuit  or  at  the 
anodic  or  the  cathodic  switching  potential  are  shown  in  the  figs, 
2a  and  2d.  The  inner  P  vs  A  plot  corresponds  to  an  increasing 
thickness  of  the  second  layer  in  the  reduced  state  while  the 
-outer  one  corresponds  to  both  the  barrier  and  the  second  film  in 
the  oxidized  state.  The  change  of  the  optical  parameters  corres¬ 
ponds  to  an  increase  of  the  cnarge  of  the  redox  couple  related 
to  peaks  I  I  I  - 1 V ,  This  charge  accumulation  is  greater  in  0,04  M 
NaOH  than  in  saturated  C  a ( 0  H  )  2 • 

On  the  other  hand,  the  optical  data  corresponding  to  RTPS 
in  saturated  Ca(0H)2  cannot  be  explained  by  the  growth  of  an 
optical  film  at  constant  indixes.  This  difference  in  behaviour 
apoears  already  in  the  first  scan  and  it  is  also  found  in  the 
pote.itiostatic  runs,  starting  from  the  polished  electrode.  More¬ 
over,  in  both  solutions  the  characteristics  of  the  second  layer 
depends  also  on  the  potential  perturbation  conditions.  In  0.04 
M  NaOH  when  the  thickness  is  greater  than  2000  A  the  optical 
indices  decrease,  suggesting  a  larger  water  containt  of  the  pas¬ 
sive  layer.  The  accumulation  of  the  charge  pa rt i c i pa t i ng  in  the 
conjugated  couple  1 1 1  - 1 V  is  gerater  in  0,04  M  NaOH  than  in 
saturated  Ca(0H)2.  For  the  latter  the  second  layer  grows  graduaj_ 
iy  from  a  less  compact  layer  to  a  more  compact  one,  “ 

These  results  demonstrate  the  remarkable  influence  of  Ca?,(' 
in  solution  in  defining  the  characteristics  of  the  anodic  film 
formed  on  iron  in  base  electrolyte. 
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Brewer1  pointed  out  that  the  alloying  of  metals  which  are  considerbly  remote  in  the  periodic 
table,  proceeding  with  a  definite  charge  transfer,  provides  the  possibility  of  generalized  Lewis 
acid-base  reaction  with  the  transfer  in  the  opposite  direction  to  that  expected  from  the 
electronegativities  with  the  stabilization  through  utilization  of  an  otherwise  non— bonding 
electron  pair  of  electron  donating  metal  and  unused  vacant  orbitals  of  electron  trapping  element 
in  their  intermetallic  interaction.  For  metals  from  the  loft  side  of  the  transition  series  reacting 
to  produce  intermetallic  phases  with  element  ranging  from  the  seventh  to  the  eleventh  group, 
the  stability  of  tha  compound  is  predicted  to  increase  as  the  number  of  non-bonding  internally 
paired  d-electrons  increases  to  reach  a  maximum  and  then  decrease  as  the  paired  d— electrons 
become  so  stabilized  with  increasing  nuclear  charge  that  it  would  be  difficult  to  transfer  them. 
Likewise,  for  any  metal  from  the  right  side,  the  variation  from  the  sixth  to  third  group  on  the 
left  is  predicted  to  produce  an  increase  in  stability  of  intermetallic  pliases  as  the  number  of 
vacant  d-orbital  is  increased  with  subsequent  decrease  for  smaller  nuclear  charges  that  could 
not  hold  donated  d— electron  pairs,  the  whole  interaction  increasing  from  3d  toward  5d  level. 
Then,  for  fifth  group  d-metais  (V,  Mb,  Ta)  with  only  one  vacant  d— orbital,  the  interaction  to 
form  intermetallic  phases  would  be  small  with  rhenium,  would  i  ncrease  substantially  with 
osmium,  would  reach  its  maximum  with  iridium  and  would  decrease  with  platinum  and  further 
with  gold,  while  the  whole  interaction  decreases  from  tantalum  towards  vanadium.  For  fourth 
group  d— metals  (Ti,  Zr,  Hf)  with  two  vacant  d— orbitals,  the  maximum  in  intermetallic  inter¬ 
action  and  stability  is  predicted  to  shift  to  the  right  and  should  be  between  the  ninth  fir,  Rh, 
Co)  and  the  tenth  {Pt,  Pd,  Ni)  group,  whereas  for  the  third  group  (Y,  La)  the  maximum  in  inter¬ 
action  is  predicted  with  Pt,  Pd,  or  Ni  decreasing  downwards  in  the  last  order.  On  the  basis  of 
the  generalized  Lewis  acid— base-  and  Brewer  valence  bond—  theory  for  bonding  in  metals 
and  intermetallic  phases  and  alloys  there  has  been  pointed  out  that  whenever  mstals  of  the 
left-half  of  the  transition  series  that  have  empty  of  half  filled  vacant  d-orbitals  are  alloyed 
with  metals  of  the  right-half  of  the  transition  serios  that  have  internally  paired  d— electrons 
not  available  for  bonding  in  the  pure  metal,  there  arises  well  pronounced  synergism  in 
elcctrocatalysis  for  the  hydrogen  evolution  reaction  (h.e.r.),  which  often  exceeds  individual 
effects  of  noble  metals  and  each  other  (synorgism  condition)  and  approaches  the  reversible 
behaviour  within  the  wide  range  of  current  density.  The  Brewer  theory  predicts  that  such 
intermetallic  phases  behave  extraordinary  stability  features  because  of  the  improved  bonding 
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properties.  The  actual  question  is  why  metals  such  as  hafnium,  zirconium,  titanium  or  lan¬ 
thanum  with  rather  high  individual  hydrogen  overvoltage  and  typical  hydriding  features 
advance  the  polarization  properties  of  other  d— metals,  such  as  cobalt,  nickel,  palladium  or 
iridium  in  their  appropriate  alloying  compositions?  In  addition,  what  is  the  mutual  point 
between  the  stability  of  Brewer  intermetallic  phases  and  their  electrocatalytic  activity? 

There  has  been  pointed  out  that  whereas  various  physical  features  associated  with  electronic 
configuration  of  elements,  such  as  melting  and  boiling  point,  the  bonding  effectivness1 ,  heat 
of  fusion,  sublimation  and  vaporization  represent  typical  volcano  curves  as  a  function  of  the 
position  in  the  periodic  table  with  maximum  at  about  d®  -  eloctrons,  electrocatalytic 
features  of  transition  metals  for  the  h  e.r.  shift  the  maximum  of  their  volcano  curves  towards 

O 

about  d  —  eloctrons.  Quite  similar  relationship  shows  tite  bonding  energy  of  zirconium  cr 
hafnium  as  a  function  of  the  position  of  the  right— half  transition  metals  in  the  periodic 
tabled  The  same  dependence  follows  the  electrocatalytic  activity  of  composite  catalysts: 
the  oest  catalysts  represent  rather  symmetric  intermetallic  Lavas  phases,  such  as  IWoCo, 
N i 2-  LaNig,  ZrNij,  HfPd^,  ZrPt  3  where  the  average  electronic  configuration  approaches 
the  same  one  characteristic  for  individual  d-metals  of  highest  electrocatalytic  activity  (about 
d  ,  or  rather  hybridic  arrangement  between  d  —  d  electrons). 

There  has  also  been  found  that  electrocatalytic  activity  of  composite  catalysts  for  the  h.e.r. 
follows  the  so  called  Miedema^  reversal  stability  law,  which  states  that  the  higher  the  stability 
of  some  intermetallic  phasa,  the  lower  the  stability  of  its  hydride,  and  the  higher  the  capacity 
of  hydrogen  bonding.  In  other  words,  metals  of  the  left-half  of  transition  series  induce 
hydridic  features  for  the  right— half  of  d— metals  and  the  entire  composite  electrocatalyst 
improves  its  hydridic  properties  by  increasing  the  stability  of  original  intermetallic  phase. 
Both  features  of  the  stability  and  electrocatalytic  activity  have  also  been  associated^  with 
the  Cooper  pairing  effect  of  superconductivity:  the  most  symmetric  intermetallic  phases 
are  the  best  both  for  electrocatalytic  activity  and  superconductivity. 

The  bonding  energy  of  d— electrons  increases  very  markedly  with  the  nuclear  charge  from 
the  first  to  the  third  transition  series  due  to  the  deeper  penetration  of  the  p—  and, 
particularly,  the  s—  electrons  towards  the  nucleus  than  for  d— electrons  of  the  same  main 
shell.  The  effect  of  increased  nuclear  charge  upon  the  strength  of  d-bond  thereby  appears 
due  to  contraction  of  the  closed  shells  and  increased  exposure  of  the  d— orbitals  relative  to 
the  closed  shells  to  allow  better  overlap  of  d-orbitals  between  atoms  at  the  internuclear 
distances  fixed  by  the  balance  of  attractive  bonding  forces  by  the  repulsive  forces  owing  to 
interpenetration  of  the  closed  shells1.  Therefore,  the  improved  overlap  of  d— orbitals 
increases  the  oohesive  bonding  effectivness  in  going  from  3d  to  5d  series  and  increased 
exposure  of  the  d— orbitals  with  the  proper  pairing  effect,  apparently  provides  the  higher 
electrocatalytic  activity,  and  eventually  improved  superconductivity. 

Some  rather  unusual  intermetallic  phases  and  alloys  for  electrochemical  reactions  that  behave 
extraordinary  stability  in  the  light  of  the  Brewer -Engel  theory1  have  been  employed  lor  the 
h.e.r.  as  the  electrocatalysts  and  their  polarization  properties  were  investigated  in  water 
electrolysis  (Fig.  1  and  2).  The  promoting  effect  of  some  ionic  species  with  rather  filled 
d— cibitals  have  also  been  investigated  and  pointed  out.  The  correlation  between  the  stability 
of  alloys  and  intermetallic  phases  and  their  electrocatalytic  activity  in  the  light  of  the 
Brewor-Engol  theory  has  been  con  firmed.  The  hydridic  feature  of  the  Brewer  elect  re, - 
catalysts  has  been  experimentally  proved  and  pointed  out  as  the  main  characteristics 
for  such  an  advanced  activity  in  the  h.e.r. 
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Fig.  1.  The  activity  of  Zr—  Ni  'ntermetallic  phases  as  a  function  of  their  atomic  ratio 
in  the  composite  catalysts  presented  as  the  increase  of  the  current  density  at 
constant  potential. 


Fig.  2.  Polarization  characteristics  of  some  Brewer  intermetallic  phases  (2-Hf— Pd,  3  — 
Nb— Pd  and  4  —  Ta— Pd)  for  the  h.e.r.  in  40%  NaOH  as  compared  with  nickel 
electrode  (1 )  in  the  same  solution. 
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In  our  former  wcrw  (e.g.  ref.  1,2,3)  we  found  that  the  charge 
density  on  the  surface  of  the  oxidized  aluminium  (evaluated  from 
electrokinetic  measurements)  depends  on  the  way  of  oxidizing,  on 
possible  aftertreatment  of  the  oxidized  layer,  on  composition 
and  cn  pH  of  the  solution  in  contact  with  this  layer.  The  contact 
angles  were  measured  also  on  the  samples  of  the  oxidized  alumini¬ 
um  changing  the  mentioned  parameters.  It  is  found  that  there  is 
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a  correlation  between  the  charge  density  of  the  surface  and  the 
contact  angle.  The  results  of  such  investigations  give  possibili¬ 
ties  for  better  understanding  of  the  process  in  practical  appli- 
r  a  t  ■  r  n  of  a!  nrri  n’lim  rart.  imilarv  in  the  field  of  corrosion  as 


ties  for  better  understanding  of  the  process  in  practical  appli¬ 
cation  of  aluminium,  particulary  in  the  field  of  corrosion  as 
well  as  ir.  the  fields  of  some  specific  applications  of  aluminium, 
such  as  lithography. 


A  part  of  broader  investigation  is  presented  in  this  paper  con¬ 
cerning  the  surface  charge  arid  contact  angle  influenced  by  some 
anions  in  the  solutions  which  are  in  contact  with  the  oxidized 
aluminium.  Measuring  of  the  streaming  potential  and  measuring  of 
the  contact  angle  were  used  as  the  experimental  methods.  The 
samples  of  aluminium  of  high  purity  were  oxidized  by  boehmitizing 
in  the  boiling  water.  During  the  measuring  of  streaming  potential 
and  contact  angle  the  samples  were  in  contact  with  the  solutions 
1C-J  M  KC1  of  various  pH  values  and  with  the  same  solutions  with 
the  addition  of  K2 SO4  in  various  concentrations  in  the  range  from 
?>;1C~t  to  5x10"4M.  From,  the  values  for  streaming  potential  zeta 
potential  ar.d  after  that  charge  density  were  evaluated  in  the  con 
ventional  way.  The  dependence  of  zeta  potential  on  pH  is  linear 
out  the  slope  and  position  of  the  straight  lines  change  depending 
or.  concentration  of  added  sulphate  ions  in  the  solution  which  is 
in  contact  with  the  oxidized  aluminium  (Fig.  1.).  Fig.  2.  shows 
the  dependence  of  the  charge  density  (q)  ana  the  contact  angle 
Itneta)  with  pH  only  for  three  solutions  (13-4  M  KC1,  10-4  j/  vci  + 
M  Kj SO,,  and  lO-^M  KC1  *  5x1C-,i  M  KpSOq).  The  charge  on  the 
surface  really  denotes  the  charge  of  the  immobile  component  of 
trie  ryrtex.  There  is  obvious  correlation  between  the  values  of 
the  contact  angle  and  tr.e  charge  density  on  the  surface  of  the 
oxidized  aluminium  as  tr.e  function  of  pH.  With  the  higher  density 
cf  positive  ar.d  negative  charge  the  contribution  of  the  charge 
it  wetting  is  greater.  The  maxima  on  the  curves  thet-1  -  pH  (10*4 
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The  curve  theta-ph  shews  nc  maximum  tut  the  curve  q-pH  also  dees 
not  intersect  the  abscissa  in  case  cf  10~*!  M  KC1  +  5x10~^  M  Y-2  SOu 
solution. 
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e  phenomena  broaden  our  concept  of  the  influence  cf  the  ani¬ 
on  the  surface  charge.  The  additional  anions  can  influence 
surface  charge  in  various  ways.  Except  anior:  adsorption  it 
come  to  their  incorporation  into  the  oxide  layer  e.g.  by  ion 
ange^',  and  ail  that  can  lead  to  the  change  in  the  charge  der 
on  the  surface  and  to  the  shifting  of  isoelectric  point, 
or.e  cases,  we  had  investigated,  such  systems  were  analysed 
titotively,  supposing  that  there  is  an  algebraic  addition  of 
surface  charge  of  boehmite  itself'  and  the  charge  that  brings 
w  anion  added  (an  example  is  given  in  ref  1.').  However  it  ofc 
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Fig.  2.  Charge  der.3ity  and  contact  angle  vs.  pH 
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The  investigation  of  the  interphase  characteristics  of  the  system  Al/aqueous 
solution  is  of  great  theoretical  and  practical  interest.  As  a  rule,  alumini¬ 
um  is  even  spontaneously  covered  by  an  oxide  layer,  and  very  often  it  is  do¬ 
ne  intentionaly.  The  existence  of  these  layers  determines  the  specific  phy¬ 
sical,  chemical  and  electrochemical  states  and  processes  and  they  are  respon¬ 
sible  for  a  group  of  phenomena  very  imortarit  for  the  practical  application. 

One  of  the  most  important  characteristics  in  that  is  corrosion  stability  of 
a!umini.~i,  but  all  of  its  aspects  are  not  explained  enough  vet.  The  surface 
charge,  resp.  the  interaction  of  the  surface  active  groups  with  the  solvent 
and/or  the  species  from  the  solution  on  the  corrosion  processes'"4  has  been 
pointed  at  recently. 

This  work  presents  in  the  same  sense  a  further  contribution  to  the  extension 
of  such  approach.  Vol tammetr i c  method  was  used,  as  well  as  determination  of 
the  contact  angle  as  a  good  indication  of  the  interaction  of  the  solid  phase 
and  solution.  The  investigations  were  performed  in  solutions  with  constant 
concentration  of  chloride  ion  of  IQ--5  M  (except  for  the  most  acidic  solution) 
and  variable  concentrations  of  hydrogen  ion.  In  the  part  of  the  acid  range  it 
is  also  possible  to  keep  constant  the  ionic  strenght.  The  working  electrode 
for  vol tammetr i c  measurements  is  from  superpurity  A)  of  the  cylindric  shape, 
protected  by  synthetic  resin,  except  on  the  active  circular  cross-section 
with  the  surface  area  of  3-0  cm^.  The  counter  electrode  is  of  spiral  platinum 
wire,  and  the  reference  is  Ag/AgCI  electrode  in  the  same  solution.  The  tests 
were  performed  at  room  temperature  and  in  the  air  atmosphere.  The  working 
electrode  was  mechanicaly  ground,  degreased  and  treated  in  the  hot  NaOH,  then 
washed  and  neutralzed  in  the  nitric  acid.  This  measurements  were  performed 
under  constant  stirring. 

After  stabilizing,  the  potential  was  changed  for  50  mV  from  the  resting  poten¬ 
tial,  first  in  the  cathodic  direction  up  to  -350  mV,  and  then  back  in  steps 
cf  ’00  mV,  with  direct  reading  of  current  after  relative  stabilization.  After 
stabi 1 i zat ion  with  the  open  circuit  the  procedure  was  repeated  in  the  anodic 
oirection  up  to  +350  mV  and  then  back  towards  the  resting  potential. 

For  determination  of  the  contact  angle  (wetting  angle  respectively)  the  sam¬ 
ple  plates  are  from  the  superpurity  A)  in  size  10  x  60  mm,  treated  in  the  way 
described  above.  The  plates  were  verticaly  immersed  up  to  about  1/3  of  their 
lenght  into  a  glass  cuvette  filled  with  electrolyte  and  oriented  in  the  op¬ 
tical  axis  of  the  goniometer. 
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Fig.  1  shows  the  results  of  voltammetric  measurements  on  Al  electrode  immer¬ 
sed  in  the  solution  (a):  10*3  M  Cl-,  10*5  m  H+  and  solution  (b):  10”3  M  Cl", 
10***  M  H+.  The  plot  is  given  as  the  relation  E  vs.  ECorr.  of  the  same  elec¬ 
trode  In  the  same  solution.  The  measurements  were  done  according  to  the  pro¬ 
cedure  described  before,  after  prepolarisation  of  the  working  electrode  during 
5  minutes  at  -1000  mV  vs.  Ag/AgCI  electrode  in  the  same  electrolyce.  The  mean 
values  from  two  measurements  are  shown,  for  forward  polarisation  only.  The 
typical  relations  with  relatively  expressed  linear  parts  are  noticed  in  both 
cases  and  it  is  possible  to  determine  the  anodic  and  cathodic  slope,  as  well 
as  to  estimate  the  corrosion  current  by  extrapolation  at  ECorr.  The  corres¬ 
ponding  values  differ  significantly  (see  Fig.  1).  The  values  of  the  cathodic 
and  anodic  slope  indicate  the  presence  of  at  least  partial  coverage  with  oxi¬ 
de  layer.  It  can  be  noticed  that  the  cathodic,  as  well  as  anodic  slope  in  the¬ 
se  two  various  solutions  are  not  much  oifferent,  in  contrest  to  corrosion  cur¬ 
rents  which  differ  considerably.  It  seems  that  the  mechanism  of  the  corrosion 
reactions  does  not  change  in  this  range,  and  the  reason  for  various  corrosion 
rates  should  be  found  in  another  factor. 

The  results  of  the  contact  angle  determination  are  shown  in  Fig.  2.  The  con¬ 
tact  angle  is  a  very  expressive  function  of  H+  resp.  CH"  ion  concentrat ion. I n 
fact,  one  gets  steep  increase  and  steep  decrease  around  maximum  in  the  solu¬ 
tion  with  tne  addition  of  about  10*5  M  N+  ions.  Similar  reaction  on  the  boeh- 
mitized  Al  has  been  found  earlier  and  it  is  attributed  to  the  interaction  of 
the  water  dipole  and  solid  phase,  as  a  result  of  amphoteric  surface  dissocia¬ 
tion  of  the  surface  species.  Analogous  approach  is  possible  because  in  the 
tested  system  Al  is  at  least  partly  covered  by  species  of  the  oxide  character, 

Voitammetric  measurements,  as  presented,  which  left  open  the  question  of  fac¬ 
tor  that  can  increase  the  corrosion  rate,  together  with  the  results  of  the 
contact  angle  measurements,  suggest  the  considerable  influence  of  the  surface 
charge.  Namely,  supposing  that  in  the  case  when  Al  corrodes  intermediary  spe¬ 
cies  appear,  such  surface  has  a  given  charge  density  as  the  result  of  before 
mentioned  amphoteric  surface  reaction,  which  is,  in  the  first  place,  the  fun¬ 
ction  of  pH.  It  is  logical  to  suppose,  but  this  time  on  the  basis  of  voltam¬ 
metric  measurements  and  determination  of  the  contact  angle  on  the  corroding 
Al,  that  on  step  of  its  transition  into  solution  will  have  the  key  role,  which 
includes  the  interaction  of  surface  species  and  water  dipoles.  This  step  of 
transition  into  the  hydrated  ion  in  the  solution  is  surely  favoured  by  the 
mentioned  interaction.  The  system  is  complicated  and  demands  further  studying 
in  the  experimental  and  theoretical  sense.  It  is  interesting  to  mention  that 
other  relatively  nenprecious  metals  can  be  treated  in  the  same  way. 
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Loth  chemical  and  surface  analytical  methods  indicate 
that  a  Mi  anode  used  in  liquid  HF  for  anodic  flucrination  is 
covered  by  a  layer  containing  not  only  fluoride,  but  also 
ox  ice.  Vol t amme t r i c  features  were  interpreted  as  consequences 
of  the  formation  of  oxide  and  its  behaviour. 

Thus,  under  potentiosta tic  polarization  the  build-up 
of  the  la>er  and  the  subsequent  change  in  its  conductivity 
follow  the  pattern  observed  for  other  oxide  systems.  After 
an  initial  decrease,  the  current  starts  to  increase, showing 
an  increasing  conductivity. 

At  open  circuit,  the  relaxation  of  the  potential  follows 
the  pattern  indicating  a  structure  in  the  layer  mentioned 
in  1.  Tne  potential  decay  might  be  described  by  the  presence 
cf  an  inner  oxide  layer  and  an  outer  one.  While  the  inner 
layer  builds  up  m  a  very  short  time  and  is  not  influenced 
by  the  duration  cf  polarization,  the  outer  layer  builds  up 
slowly  and  is  sensitive  to  the  presence  of  fluorine  and  the 


organic  substrate. 

The  change  in  the  conduction  behaviour  might  be 
followed  by  tbe-formation  of  fluorine,  delected  with  a  ring- 
-disc  electrode  ,  since  the  rate  of  fluorine  formation  in¬ 
creases  in  parallel  with  the  increase  in  conductivity  of  the 
s  j  r  f  a  c  e  layer 

The  ..adition  cf  the  organic  substrate  causes  an  elon- 
ga'.’.c"  of  the  time,  necessary  tu  overcome  the  current  mini¬ 
mum,  although  the  pattern  of  potential  decay  uoes  not  change. 
It  is  assumed  that  this  is  due  to  adsorption  of  the  organic 
substrate,  while  the  decay  of  the  potential  across  the  inner 
layer  depends  only  on  the  conduction  wither  tne  inner  iayer . 
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EFFECT  OF  ADDITION  OF  CHLORIDE  ON  THE  PROPERTIES 
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It  was  shown  before  that  the  active  anodic  dissolution 
of  aluminium  and  some  of  its  alloys  in  neutral  chloride  so¬ 
lutions  is  an  advantageous  behaviour  for  the  use  of  aluminium 
and  its  alloys  as  the  anode  materials  in  batteries  or  as  the 
sacrificial  anodes,  while  it  is  a  serious  dissadvantage  if  alu¬ 
minium  is  to  be  used  as  the  material  for  metal  construction 
work.  Hence,  the  understanding  of  the  influences  that  some  ani¬ 
ons,  in  particular  chloride  ions,  have  on  the  electrochemical 
behaviour  of  aluminium  is  of  fundamental  importance. 

As  a  result  of  our  previous  studies  of  this  problem,  s.  hy¬ 
pothesis  wan  forwarded  that  the  activation  of  the  oxide  film 
covered  aluminium  in  chloride  solution  is  due  to  the  adsorption 
(or  absorption)  of  negatively  charged  chloride  ions,  so  that  the 
outer  part  of  the  oxide  layer  becomes  negatively  charged  compa¬ 
red  to  the  metal.  Hence,  the  newly  formed  negative  electric  fi¬ 
eld  inside  the  oxide  layer  accelerates  the  ionic  transport  thro¬ 
ugh  the  oxide,  and  thereforethe  overall  metal  disollution  rate, 
as  contrasted  to  the  situation  in  the  chloride  free  solutions 
(p.z.c.  of  Ai  is  more  negative  than  the  corrosion  potential). 

The  similar  effect  is  known  during  anodization  of  alumini¬ 
um  when  the  presence  of  small  amounts  of  chlorides  prevents  the 
growth  of  the  barrier-film  in  the  barrier-film  forming  electro¬ 
lytes  (e.g.,  borate,  tartarate,  etc.).  This  very  fact  was  used 
in  this  work  in  an  attempt  to  verify  the  previously  mentioned 
hypothesis  on  the  effect  of  adsorption  of  chloride  ions  on  the 
activation  of  oxidized  aluminium  surface. 

per imont  al .  The  samples  of  Al  foil  wore  eicctrop^oli shed 
in  a  mixture  of  H-.PO,  and  CrC.  at  (;0c'C,  with  the  subse- 


02091 


t/s 


Fig.  1. 

quent  oxide  removal  in  CrC>3  +  H^PO^  solution  at  the  same  tempera¬ 
ture  (1  min) .  After  washing  the  samples  were  used  to  form  the 
barrier-films  in  0.1  H3B04  +  0.05  M  Na2B407  solution  with  10  mA 
cm  2.  A  good  linearity  of  the  voltage-time  curve  with  the  slope 
of  1.3  nm/v  (Fig.  1)  indicated  the  formation  of  the  good  barrier- 
-type  film.  In  most  experiments  the  film  growth  was  stopped  at 
the  film  thickness  of  130  nm  (100  V) ,  bv  the  fast  introduction  of 
the  NaCl  solution,  after  which  the  electrode  potential  decayed 
suddenly,  even  though  the  anodic  current  is  passing  permenently . 
The  amount  of  the  NaCl  solution  used  was  such  to  provide  the  fi- 

-3 

nal  concentrations  in  the  range  10  -  1  M,  while  the  potential 

changes  were  recorded  on  the  Nicolet  memory  oscilloscope.  The 
exponential  decay  of  the  potential  was  characterized  by  the  time 
constant  (for  the  1/e  of  the  potential  change)  in  concentrated 
solutions  being  very  small  (50  ms) .  The  results  of  the  determi¬ 
nation  of  the  time  constants  for  the  decay  as  a  function  of  chlo¬ 
ride  concentration  and  film  thickness  are  shown  in  Figs. 2 a  and  2b. 
As  seen  in  Fig.  2a  the  concentration  dependence  of T  is  showing 
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Fig.  2a. 


Fig.  2b. 


an  exponential  increase  in  lower  concentration  region.  Since  the 
time  constants  for  larger  thicknesses  follow  the  same  experimen¬ 
tal  curve  this  indicates  that  the  thickness  of  the  layer  is  of  no 
importance  for  the  observed  decay  phenomenon,  i.e.  the  penetration 
of  the  chloride  ions  inside  the  film  is  not  the  reason  for  the  de¬ 


cay .  Fig.  2b.  presents  the  dependence  of  the  steady  state  poten¬ 
tial,  Eg ,  of  the  electrode  achieved  after  the  decay,  as  a  functi¬ 
on  of  chloride  concentration.  The  simillar  dependence  was  obta¬ 
ined.  . 

The  observed  experimental  results,  cannot  be  interpreted  as 
to  be  the  consequence  of  the  slow  diffusion  of  chloride  to  the 
oxide  surface.  Hence,  tne  observed  dependence  of  the  time  constant: 
on  concentration  and  independence  on  the  film  thickness  could  be 
interpreted  as  the  consequence  of  the  surface  reaction,  i.e.,  slqftf 
adsorption  of  chloride  at  the  surface  of  oxide  layer  as  known  for 
chlorides.  All  this  is  in  accord  with  the  previously  menti¬ 

oned  hypothesis .  Further  experimental  work  on  the  ESCA  and 
Auger  analysis  of  the  studied  films  is  in  progress. 
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THE  ROLE  OF  STEPS  IN  THE  OXIDATION  OF  FORMIC  ACID 
ON  SINGLE  CRYSTAL  SURFACES 

A.  Tripkovic,  R.  Adzic,  V.Vesovic  * 

Institute  of  Electrochemistry,  ICTM  Belgrade,  Yugoslavia 


Oxidation  of  HCOOH  depends  on  the  crystalographic  structure  of  the 
electrode  surface 

Considerably  higher  activity  has  been  observed  with  the  Pt(lll)  sur¬ 
face.  This  has  been  explained  by  the  lack  of  formation  of  the  strongly  bound 
intermediate  on  this  surface. 

The  strongly  bond  intermediate  completly  blocks  the  Pt(lOO)  face  and, 
to  a  iagre  extend,  the  Pt(llO)  surface.  We  have  recently  shown  that  the  intro¬ 
duction  of  steps  of  the  same  or  different  orientation  on  the  Pt(lOO)  and  the 
Pt ( 111)  surfaces  causes  a  noticable  change  in  the  activity  for  the  HCOOH  oxi¬ 
dation  (4).  Preliminary  studies  have  been  performed  with  the  surfaces  with 
tne  following  orientations:  Pt-6(lll)x(lll) ,  Pt-6(  111  )x(l00)  and  Pt-4(l00)x 
>:(  111).  The  introduction  of  the  (ill)  step  in  the  (100)  surface  caused  an  in¬ 
crease  of  the  current  in  the  positive  going  sweep,  while  the  introduction  of 
the  (100)  step  in  the  (ill)  surface  caused  a  decreased  of  the  current  in  the 
same  sweep  and  the  appearence  of  the  peak  at  ~  0.9  V(4).  The  latter  peak  is 
usually  ascribed  to  the  oxidation  of  the  strongly  bound  intermediate,  which  do¬ 
es  not  occur  at  the  Pt  ( 111)  surface  without  the  (100)  step.  Further  informati¬ 
on  on  the  role  of  nature  and  density  of  steps  has  been  obtained  by  examining 
the  oxidation  of  HCOOH  on  the  stepped  single  crystal  electrodes  with  a  higher 
step  density. 

The  structure  of  all  surfaces  was  determined  by  LEED  before  and  af¬ 
ter  the  electrochemical  experiments.  The  characterization  of  surfaces  has 
been  performed  ex-situ  in  ultra-high  vacuum  LEED/Auger  apparatus.  The  elec¬ 
trodes  were  cleaned  by  sequential  ion  bombardment  and  annealing  at  700  C, 
until  Auger  spectra  showed  less  then  2%  of  impurities.  LEED  patterns  were 
analyzed  in  the  usual  way  for  stepped  surfaces.  Taking  into  account  the  sepa¬ 
ration  between  double  LEED  spots  and  the  overal  pattern  three  surfaces  were 
ascribed  to  Wave  the  following  structures:  Pt-2(  11 1  )x(  100) ,  Pt-3(  1  ll)x(  100) 
and  Pt-3(lll)x(lll). 

Fig.  1.  shows  an  anodic  sweep  of  a  cyclic  voltammoyram  of  HCOOH 
oxidation  on  the  above  surfaces.  The  step  of  (ill)  orientation  on  the  (111) 
surface  cause  a  sizable  increase  of  the  peak  at  0.9V.  It  is  considerably  lar¬ 
ger  than  the  peak  at  the  Pt-6(  11 1  )x(  111)  surface.  This  clearly  shows  that  an 
increase  of  the  number  of  steps  on  the  (ill)  surface  facilitates  a  formation 
of  the  strongly  bound  intermediate.  Hence,  it  can  be  concluded  that  the  intro¬ 
duction  of  steps  with  the  (111)  orientation  on  the  Pt(lll)  surface  leads  to  a 
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decrease  of  its  activity  for  the  HCOOH  oxidation. 

There  is  no  much  difference  between  the  curves  obtained  for  the 
Pt-2(lll)x(l00)  and  Pt-3(lll)x(lC0)  electrodes.  Two  peaks  appear  at  both 
surfaces,  one  at  ~0.9  V  is  probably  due  to  the  oxidation  of  the  strongly  bound 
intermediate.  The  activity  of  these  electrodes  is  somewhat  lower  than  that,  of 
the  Pt(lll),  but  not  much  different  than  that  of  the  Pt-6(lll)x(lG0). 

Further  work  is  needed  in  order  to  answer  the  question  of  the  role  of 
steps  in  the  oxidation  of  HCOOH  on  the  Pt  single  crystal  electrodes.  These 
data  however  suggest  that  the  introduction  of  steps  increases  the  surface  ac¬ 
tivity  for  binding  of  strongly  bound  intermediate,  thus  decreasing  its  activity. 
This  disturbs  also  the  activity  of  the  Pt ( 111)  surface,  which  results  from  its 
inactivity  for  adsorption  of  intermediates  (l,  2). 
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kinetics  of  this  reaction.  The  adsorption  of  OH  ,  loading  to  a  formation  of 
AuOH,  is  different  for  the  two  surfaces  which  is  not  similar  to  the  same 
process  on  the  Au(lCO)  face. 

it  is  interesting  to  note  that  with  the  Au-fc(l00)xl  xOO)  surface  first 
sweeps  show  much  lower  activity  than  in  the  subsequent  ones  which  indicates 
on  the  reconstruction  of  this  surface.  A  sizable  hysteresis  between  the  sweeps 
in  positive  and  negative  directions  (Tig.  1)  also  indicate  on  a  possible  role  of 
reconstruction.  Tnese  questions  are  being  carefully  investigated  in  the  thin- 
layer  cell  which  is  coupled  with  the  LEED-AES  apparatus. 

i  n  the  potential  region  of  a  four-electron  reduction  the  Tafel  slope  is 
-123  rnV/dek  indicating  a  first  electron  exchange  as  a  rate  determining  step 
( Fig .  3  3 .  The  reaction  order  with  respect  to  a  dissolved  00  has  been  determi¬ 
ned  from  tile  equation  ( 3 ) . 

log  i  -  i  log  ( 1  -  ~r —  ) 

.  1DL 

Jt  is  given  in  Table  2. 


_ Au-6(100)x(100)  Au-2(  100)x(  100) 

L0  1.25  1.15 

15  1.05  0.85 


These  data  strongly  suggest,  that  the  reaction  order  is  1  as  found  with  the 
Au(l00)  surface. 

Preliminary  results  with  single  crystal  gold  stepped  surface  indicate  on 
a  role  of  steps  in  the  0o  reduction.  On  the  above  two  particular  surfaces  it 
appears,  that  under  potential  cycling  applied  in  this  work,  the  reaction  kine¬ 
tics  anJ  mechanism  are  similar  to  that  one  on  the  Au(100)  surface. 

The  role  of  reconstruction  on  this  reaction  requires  further  study. 
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INTRODUCTION 

Cadmium  sulfide  is  one  of  the  semiconductor  materials  wide¬ 
ly  used  in  solar  cells.  Together  with  copper  sulfide,  in  f c. r m s  the 
well-known  CdS/CuoS  solar  cell  . 

It  is  generally  admitted  that  electrodeposition  is  an  effi¬ 
cient  method  of  film  formation,  allowing  a  more  economical  produc¬ 
tion  and  better  control  of  properties  and  stoichiometry  of  the  re¬ 
sulting  layers  than  thermal  evaporation,  pyrolithic  spraying,  or 
sputtering  - . 

Several  thechniques  have  been  developed  to  electrodeposit 
tnis  sulfides,  as  anodic  oxidation  of  the  parent  metal  in  a  solu¬ 
tion  containing  sulfide  ions  or  by  cathodic  reduction  from  aqueous 
solutions  containing  soluble  metal  and  sulfur  compound.  Recently, 
has  been  developed  the  cathodic  e lec t r o depo s i t ion  of  the  metal  sul 
fides  in  non-aquious  solutions.  The  principle  of  the  technique  in¬ 
volves  dissolving  a  salt  containing  the  desired  metal  ion  and  the 
sulfur.  In  this  case,  ignoring  the  fac  that  the  metal  ion  is  of-- 
ten  complexed  with  solvent  moleculas  or  anions,  and  that  the  sulfur 
exists  as  plyatomic  species  in  solution,  the  reaction  for  the  for¬ 
mation  of  CdS  may  be  3. 

Cd2+  +  S  +  2 e” _ _  CdS 

Since  the  sulfur  is  insoluble  in  water,  reaction  only  can  - 
be  carried  out  in  disolutions  non-aqueous. 

We  habe  studied  the  formation  of  CdS  films  on  steel  and  ni¬ 
ckel  by  the  for-mentioned  method,  using  as  solvents  dixa th/1 -sulpho 
xiae  (DMSO)  and  diethyleno  glycol  (DEG).  The  morphology,  optical  - 
and  structural  properties  of  the  films  obtained  in  both  solvents  ha_ 
vc  been  studied  and  compared. 

P.  Sl'LTS  A .*< D  DISCUSSION 

The  CdS  films  have  been  obtained  on  stainless  s' eel  suo cra¬ 
tes  of  composition:  C*0. 1*,  S-0.0G6Z,  P ‘*0.0282.  Mn-0 . 8  1  U  .  E  .  •*  L  .  2  ?'!  . 

N  i  »  7  .  2  i  ;. ,  Cr-18.392,  Mo-0.  l/%,  Ci.-S.17?!  and  71. ,  722  .  The  punt.r-'  •• 
tes  of  nickel  were  obtained  elec  tree  lie. lie  ally  c-  a  brass  toil.  T  u  a 
sustrates  were  carefully  cleaned  with  doubly  distilled  water  and  - 
them  washing  with  acetone. 

Two  electrolytes  were  used.  The  first  one  electrolytic  solu¬ 
tion  was  made  up  in  a  mixture  containing  1  part  water  and  10  parts 
DEC  by  volume  rturated  with  elemental  sulfur,  in  wnic.h,  were  salved 
C.l  M  NH.'.Cl  and  0.05  M  CdCl^  (I).  The  second  one  consisted  of  0.055M 
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CdCl2  and  0.19  M  S  in  DMSO  (II). 

The  electrodepositions  were  carried  out  ga  1’.  ano  s  t  a  t  ical  ly  .  Several 
current  values  were  applied  and  their  influence  on  the  morphology 
of  the  film  was  studied.  At  loty  current  density  the  films  shown  ra. 
tier  low  thickness  about  4000  A,  while  at  eigher  current  density, 
traits  were  developed  on  the  surface.  The  developing  of  craks  during 
deposition  can  be  due  to  the  presence  of  tensile  stress  in  CdS  crys 
tal  resulting  from  a  piezo-electric  effect.  This  is  because  the  e- 
lectric  field,  applied  for  deposition,  may  result  in  the  displace¬ 
ment  of  deposited  ions  along  the  axis  which  has  no  centre  of  symme¬ 
try.  Another  reason  of  craks  formation  can  be  the  different  thermal 
expansion  coefficients  of  CdS  (  4xlO“6/°C  )  and  stainless  steel  - - 
(  l&xlO-6/°C  ). 

In  order  to  verify  this  hypotesis,  we  have  used  tungsten  as 
sustrate  (  thermal  expansion  coefficient  4.45xlO“6/°C.  The  craks  - 
about  mentioned  also  appeared  at  high  current  density  or  long  ele£ 
t  r  od  e  r»  o  s  i  t  i  o  n  times,  which  seems  to  indicate  that  the  piezo-ele£ 
trie  effect  is  most  important  one  for  the  craks  formation. 

The  thickness  of  the  electrodeposit  can  be  computed  from  ex- 
p resic a:  . u_ 


where  j  is  the  current  density,  K  tn«  molecular  weight  of  CdS  14-';. 

4fc  g  r ,  o  me  density  c  f  CcS  4,3?  g  r  /  c  n  4  t  trie  time  for  which  t  li  e 

current  is  passed,  F  the  Faraday  and  a  the  number  of  electrons  - 

transferred,  in  this  case  . 

The  most  notable  feature  of  the  ex 
3.0  perineum.  1  data  is  the  linear  aepun 

,  /  cent  a  o':  fix::  chic  Uncss  on  time. 

(-  /  Comparison  of  the  slope  observed  in 

)2.5i  $  Fig.  i  with  tear  predicted  for  re  a  c 

;  y  v.  ion  (1)  according  Co  Ec.  (1)  yields 

*  /  an  efficiency  of  90 X  for  the  depo- 

2.0i  #/  sit  ion  process.  The  discrepancy  be£ 

/  ween  the  experimental  and  theoreti¬ 

cal  slopes  nay  be  attributed  to  the 
'.5-  presence  in  solution  of  sulfur  com- 

7  T-100°C  pounds  with  sulfur  in  a  higher  oxi- 

1  /•  •  n  dation  state.  If  sulfur  in  these  -- 

1.0-  j*»  j  mAcm  form  is  involved  in  the  deposition 

I  process,  the  effective  number  of  e- 

•  let trons  transferred  during  the  pro 

w.b-  /  cess  would  be  greater  than  that  pr£ 

*  posed  by  the  simpler  process  invol¬ 

ving  r.  ulfur. 

FIG  1  5  10  15  20  t(r.iin] 

Reflection  and  transmission  raea  sur  e  ricn  t  s  of  the  CdS  films  -- 
were  carried  •: .. c  with  a  Cary  1  }  D  spectrophotometer.  With  this  da¬ 
re',  was  calculated  tie  band  gap  of  the  semiconductor  Fig.  2,  their 
ali. were  of  2  , «  eV  for  both  s.istrates  and  solvent;..  These  values 
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gave  the  results  of  some  d if f r ac t ogr ams  similar  appearance.  The  - 

interpretation  of  the  diagram  was 
FIG  j  /  made  using  the  information  in  Ta¬ 

ble  1.  With  a  detailed  inspection 
of  it  we  could  observed,  that  all 
diffraction  rings  correspondede  to 
the  hexagonal  phase. 

The  specific  resistivity  of 
the  CdS  films  were  calculated  using 
the  expression 


8  i 
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d  TT 


4  ,  4R- 

arc  tag  -  +  — 

d/t  ltd2 
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where  p  is  specific  resistivity,  d 
the  contact  diameter  evaporated  on 
the  CdS  film,  t  thickness  of  the  - 
film,  Rc  specific  contact  resistati 
ce  and  Rq  residual  resistances  due 
to  the  sustrates.  Rt  vs  1/dtarc  tag 
4t/d  can  be  fitted  with  a  value  for 
the  resistivity  in  the  range  of  la_r 

J -  ge  diameters  where  the  contact  rc-. 

3  hV(eV)  sistaace  contribution  becomes  negli 
The  values  obtained  are  hiehe  (•'*  Kil). 
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f ctualy,  we  have  working  to  improve  the  electric  properties 
of  the  films  by  means  of  two  methods: 

a)  Introduction  of  dopant  as  Tl^  or  In^+'  in  the  lattice  of  the  CIS 

b)  thermal  treatment  following  the  deposition  process  at  teaperatii 
res  about  2  0  0  °  C  . 
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I.  Ir traduction 

Tne  VI tr c-H igh-Vacuura  techniques  provide  electrochemists  with  a  very  powerful 
set  of  analytical  tools  for  ex-situ  study  of  structure  and  composition  of  sin-- 
2lu  crystal  electrodes  ILow  Energy  Elaccror.  Diffraction,  Auger  Electron  Spec¬ 
troscopy  ...).  A  few  groups  have  performed  experiments,  especially  on  Platinum 
where  the  transfer  in  a  protective  environment ’ ~ i  permits  characterization  of 
the  electrode  before  and  after  the  electrochemical  experiment.  In  the  present 
work,  we  also  use  a  direct  (i.e.  without  contact  with  air)  transfer  from  the 
U!V  chamber  to  die  electrochemical  cell  and  conversely.  At  the  critical  step 
of  electrode  emersion,  we  rir.se  the  surface  with  18  Mix cm  water,  thus  keeping 
on  it  only  the  strongly  electrosorbed  species.  With  this  technique  we  have 
studied  the  structural  aspects  of  the  electrosorption  of  oxygen  and  hydrogen 
on  Pt(liO)  and  P t ( 1  II),  and  the  underpotential  deposition  (1).  P.  D.)  of  copper 
or.  Pt(llO)  . 

-  •  Structure  of  Pt(IIO)  in  aqueous  solutions 

The  clear.  Pt(IIO)  surface,  in  UHV,  is  reconstructed.  The  2D  periodicity  is 
d?  x  i).  It  is  believed  to  correspond  to  one  j 1  1 0 !  row  missing  every  two  rows 
(missing  row  model").  Ve  observed  that  this  structure  remains  stable  under  ex¬ 
position  to  water  vapour.  However,  water  vapour  hardly  adsorbs  on  Pt(llO)  at 
room  temperature,  and  thus  we  get  no  evidence  of  structural  change  under  elec¬ 
trode  immersion.  Voltammetry,  performed  in  sulfuric  on  perchloric  solutions  on 
t!.<  electrode  transferred  frer  the  UHV  chamber ,  leads  to  results  for  hydrogen 
r  •  xvgen  adsorption’  similar  to  those  obtained  after  annealing  of  the  elec- 
trede  in  a  H  ,-C ,  flame'.  Cculcn..etry  in  the  hydrogen  range  >1220  pc  x  err-')  is 
c.:.-.;  ntiblc  with  a  surface  reconstrw,  te  1  accord  in?  t'  the  missing  row  model, 
sir .ct  it  corresponds  to  3  ..isorbed  hydrogen  atov.s  for  each  (2  x  1)  surface 
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After  I'HV  cle.nnin.',  we  obtain  the 
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Without  any  adequate  transfer  system,  we  had  shown,  five  years  ago',  the 
this  modified  type  of  voltammogram  was  directly  obtained  on  an  electrode  which 
had  been  previously  argon-bombarded.  This  bombardment  produces  defects  among 
which  steps  are  easily  detectable  by  LEED.  With  our  new  transfer  system,  we 
show  that  upon  cycling  in  the  oxygen  range,  an  initially  perfect  Pt(lll)  sur¬ 
face  exhibits  a  particular  LEED  pattern  where  some  spots  are  changed  into 
rings  at  some  energies  (fig.  2b).  The  analysis  of  these  patterns  leads  to  an 
surface  containing  monoatcmic  steps  of  random  orientation,  with  terraces  15  A 
wide-  on  the  average.  The  "cleaning"  of  electrodes  by  cycling  in  the  oxygen 
range  must  then  be  considered  with  caution  in  view  of  the  changes  induced  in 
the  structure  of  the  electrode.  This  drastic  effect  of  oxygen  adsorption  may 
be  related  with  the  fact  that  one  is  able  to  adsorb  much  more  oxygen  in  elec¬ 
trochemical  than  in  gas  phase  experiments. 

4  .  I.TD  deposition  of  Copper  on  P  t  (  I  !_0 ) 

The  under  potentiai  deposition  of  copper  is  performed  on  the  Pt(IiO)  surface 
in  a  o.i  M  HClO, ,  5  x  1 0”^MCu  (CIO,  )  ?  solution”.  We  find  that  working  on  a 
electrode  prepared  in  LHV  leads  to  vc 1 t anno grams  similar  to  those  obtained 
with  an  electrode  annealed  in  the  flame. 

After  the  e lectrosorpt ion  of  about  half  a  monolayer  of  copper  the  LEED  pat¬ 
tern  shews  chat  the  surface  retains  the  (2x!)  periodicity  of  the  clean  Pt(llO) 
surface,  but  associated  with  streaks  in  the  |001j  direction.  The  periodicity 
ret. nins  perfect  in  the  j  1 1 0 !  direction.  This  is  consistent  with  a  simple  mo¬ 
del  where  the  copper  atoms  fill  at  first  the  missing  rows,  thus  smoothing  the 
surface  and  k«eping  the  (2x1)  periodicity.  At  the  same  title,  a  few  copper 
at -ms  form  chains  in  the  troughs  of  the  snoothed  surface,  with  a  statistical 
distribution  of  the  interchain  distances.  Quantitative  Auger  spectroscopy 
using  calibration  with  clean  platinum  and  copper  single  crystals  correlates 
reasonnabiy  well  with  the  quantity  of  electricity  corresponding  to  the  amount 
of  copper  electrosorbed . 

References 

1.  a)  A.  T.  HUBBARD,  R.  M.  ISHIKAWA  and  J.  KATEKARU ,  J.  Electroanal.  Chem. ,  86 

( I 97S )  271 

b)  J.  L.  ST1CKNEY ,  S.  D.  ROSASCO  and  A.  T.  HUBBARD,  J.  Electrochem.  Soc., 
131  (1984)  260 

2.  a)  F.  T.  WAGNER  and  P.  N.  ROSS,  J.  Electroanal.  Chen.,  150  (1983)  141 

b)  P .  C.  ANDRTCACOS  and  P.N.  ROSS,  J.  Electroanal.  Chem. ,  167  (1984)  301 

3.  0.  M.  KOLB,  R.  K0TZ  and  K.  YAMAMOTO,  Surf.  Sci.,  87  (1979)  20 

4.  H.  lilEHUS ,  Surf.  Sci.,  U5  (  1564)  407 

3.  D.  AbERDAM,  R.  DURAND,  k .  FAURE  and  F.  EL  OMAR ,  Proc .  Eccss  7  Surf.  Sci. 

>.in  Press)  . 

b.  J.  CLAVJLIEU  ,  R.  FAURE,  C.  CUT. NUT  and  R .  DURAriD,  Electroanal.  Chem., 
I  *.» ;  '1980}  10j 

.  U.  A  B  UP  DAM,  C.  CCKOTTE,  C.  LLFAYARD,  R.  DURAND,  R.  FALRE  .vd  C.  OUTLET 
P : o v .  4 rh .  Inf.  Conte  rent.  on  So!-  !  Surfaces,  Cannes  (1930)  C22. 


|K.  Vi  #V \  v  ..uw-v-^w.  . 


SggggCTSgSBS 


02132 


Fig.  la  :  Voltammogram  for  the  Pt(IIl) 
electrode  in  1M  H.SO.  solu- 
2  4  -I 

tion.  Sweep  rate  :  50  mV.s 


Fig.  2a  :  FEED  pattern  of 
clean  Pt(III) 
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Fig.  lb  :  Voltacanogram  for  the  Pt(III)  elec-  Fig-  2b 

trode  in  IM  H_S0,  after  UHV  cleaning 
l  4 

and  cycling  in  the  oxygen  range 
(60  cycles).  Sweep  rate  :  50  mV.s 


LEED  pattern  of 
Pt(IlI)  after 
60  cycles  in 
IM  H,S04 
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INVESTIGATION  OF  THE  NICKEL  ELECTRODE  -  ALKALINE  SOLUTION  INTERFACE 
by  "IN  SITU"  UV- VISIBLE  REFLECTANCE  SPECTROSCOPY 

by  F.  HAHN,  B.  BEDEN  and  C.  LAMY 

Laboratoixe  de  Chimie  I,  Electrochimie  et  Interactions,  U.A.  au  CNRS  N°  350, 
University  de  Poitiers,  40,  avenue  du  Recteur  Pineau,  86022  POITIERS  (France) 


The  forrration  of  hydroxide  or  oxyhydroxide  layers  on  the  surface 
cf  a  nickel  electrode  in  contact  with  an  alkaline  solution  has  been  inves¬ 
tigated  by  UV-visible  reflectance  spectroscopy.  This  spectroscopic  technique, 
coupled  with  cyclic  voltainretry,  is  irost  interesting  for  such  studies  because 
not  only  it  allows  to  control  permanently  the  surface  state  of  the  electrode 
(by  rreans  of  the  potential  which  is  applied) ,  but  also  because  it  allows  to 
investiga  .  "in  situ"  the  total-solution  interface,  thus  withet  causing  any 
perturbation  to  the  electrocheirdcal  reaction  itself. 

The  formation  of  hydroxides  and  cxyhyriroxides  cn  tne  surface  of 
nickel  electrodes  in  alkaline  solutions  has  been  already  widely  studied  in 
the  literature,  'using  classical  electrochemical  techniques,  like  cyclic 
voltammetry.  Such  an  interest  for  the  hehaviour  of  nickel  is  explained  by 
its  important  role  either  as  positive  electrodes  in  secondary  batteries  1  or 
as  negative  electrodes  in  fuel  cells  2,  3.  jn  both  cases  the  electrochemical 
properties  of  the  surface  are  r.airJ.7  related  to  the  formation  of  various 
crystallographic  forms  of  hydroxide  and  oxjdiydroyJ.de  layers,  respectively 
a  and  i.  for  Ni  (CH)  2  and  8  ard  y  for  NiX'H,  as  formal'/  identified  by  HOPE 
et  ail.4  and  more  recently  studied  in  details  ty  LEDNAIO::  ct  al.  -  . 

Due  to  the  unstability  of  the  nickel  surface  when  in  contact  with 
alkaline  soluticn  and  also  due  to  the  weakness  of  the  optical  signal  (long 
acquisition  times  are  thus  necessary  to  obtain  an  "in  situ"  reflection - 
absorption  spectrum.) ,  it  was  not  possible  to  record  direct  reflectance 
spectra  of  any  of  the  superficial  layers.  Furthermore ,  it  is  necessary  to 
ei.i-tL.nate  the  background  in  order  to  cancel  out  any  contribution  from  the 
species  in  aqueous  solution.  Two  ways  were  awn  found  to  overcome  these 
problems  : 

i)  the  first  possibility  consists  in  recording  reflectogr.’  s  (i.e. 
the  ciange  in  relative  reflectance  of  the  surface  *22  versus  the  potential  L 
at  fixed  wavelengths  >  in  order  to  draw  a  tridimensional  diagram 
lA  =  -.-«*■=  f(E,l)  which,  by  a  f'.irther  section  at  a  given  E,  and  provided  that 
*'  reference  level  of  reflectivity  is  suitably  chosen,  gives  the  normal 
reflecticn-abtorpti.cn  spectra  ( -  — —  , X  I  of  the  superficial  layers.  This 
possibility  was  already  described  in  details  elsewhere  °  t'wl  is  illus- 
trettid  in  Fig.  la  and  tig.  il>  which  give  tire  final  so'etra  respectively  for 
Ni (CH) 2  and  NtOOH. 

ii)  the  secona  possibility,  which  is  the  aim  of  this  work,  is  to 
record  long  accumulation  series  of  spectra  at  two  different  potentials  and 
to  subtract  thesr.  after  averaging,  in  order  to  detect  the  changes  in  the 
s-irfuce  layers  which  are  dun  to  the  influence  of  potential,  aid  to  eliminate 
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the  contribution  firm  the  solution.  Comparatively  to  the  first  rrethod,  this 
second  technique  is  theoretically  much  faster.  However  severe  carpi ications 
arise  due  to  the  instability  of  the  nickel  surface.  ‘ 'any  set  of  experiments 
wre  done.  The  best  (i.e.  the  more  reproducible)  results  were  obtained  by 
taking  the  reference  spectrum  or.  newly  polished  nickel  surfaces  when  holding 
the  potential  at  the  onset  of  hydrogen  evolution.  It  was  found  experimen¬ 
tally  that  even  in  such  conditions  the  nickel  surface  tends  to  cover  in 
hydroxide  species  within  a  few  minutes  •  but,  using  an  Harrick  CJV-visible 
rapid  scan  spectrometer  and  a  Nicolet  sional  averager,  it  is  possible  to 
store  and  process  several  hundred  of  scans  in  a  few  seconds. 

Keeping  then,  the  reference  spectrum  in  a  memory  of  the  averager, 
the  potential  of  the  electrode  is  stepped  to  more  positive  successive 
potential  values  at  which  several  hundred  scans  are  also  stored  and  averaged. 
Subtracting  them  from  the  reference  spectrum,  leads  to  difference  reflection- 


absorption  spectra  [  AA,.\  ]. 


i — .. ,  such  as  those  given  in  Fig.  2. 

According  to  the  potential,  three  kinds  of  spectra  were  obtained, 
corresponding  to  distinct  regions  of  the  voltarmogram.  It  is  tempting  to 
identify  the  spectrum  of  fig.  2a  to  oNi(0H)2  ,  of  fig.  2b  to  BNi(OH)2  and 
teat  of  fig.  3a  to  NiOOH.  Even  by  changinq  the  reference  spectrum  it  was 
not  possible  to  detect  any  significant  difference  between  the  cristallogra- 
phic  foies  of  NiCOH.  Sucn  a  spectxosoopic  technique  is  very  'useful  to  follow 
the  graving  of  superficial  layers.  When  holding  the  potential  in  the  NiOOH 
region ,  successive  difference  spectra,  like  in  fig.  ?b,  ate  obtained,  in  good 
correlation  witn  the  voltairmetric  results.  No  such  a  growing  is  observed  for 
the  hydroxide  layers.  Good  similarities  are  obtained  by  both  techniques  for 
NiOOH  (a  wide  peak  with  a  inaximum  near  500-550  nm)  .  The  small  differences 
for  iNi (OH) o  are  probably  due  to  the  difference  of  techniques  :  sere  peaks 
may  be  eliminated  by  subtraction.  On  the  other  hind  the  long  accumulation 
tunas  necessary  for  the  first  technique  may  lead  to  a  surface  partially 
c-vered  in  the  irreversible  C'-  hydroxide  form,  explaining  that  the  spectrum 
of  fig.  la  is  intermediate  uo  those  of  figs,  lit  and  2b. 

Finally,  samples  of  alii  (OH)  2  and  »Ni(Cd)2  wru  nropared  ch-ini- 
cally,  according  to  tin  literature,  and  ti.eir  tranamisuiar.  (’’-visible  spectra 
arrprred  tc  the  difference  refl ecux. n -absorption  spectra  obtained  here. 

It  is  to  be  concluded  rj  at  the"vhn7i:u:ul  a"  an!  "oJcetrc chemical  c"  hydro- 
x.’  dis  are  almost  identical,  v.rdlst  the  "chat,  oat  "  differs  markedly  from 
•die  ".ilecturcclif'd.f.l  3"  hverc-xido . 
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Fig .  2  -  Difference  spectra  for 
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THE  VOLTA  POTENTIALS  AND  SURFACE  POTENTIALS 
AT  WATER  -  NITROBENZENE  INTERPACES 


Z.  KOCZOROWSKI  and  I.  ZAGORSKA 
Department  of  Chemistry,  University  of  Warsaw 
ui.  Pasteurn  1,  02-095  Warsaw  (Poland) 


The  widespread  development  of  the  electrochemistry  of  immisci¬ 


ble  electrolyte  solutions  nowadays  drew  oar  attention  to  the  Vol¬ 
ta  potential  of  these  systems.  We  have  chosen  the  often-investi¬ 
gated  water-nitrobenzene  distribution  oyetem  as  a  model. 

The  Volta  potential  A  ^  °(MX)  equals  the  difference  between 

outer  potentials  of  two  immiscible,  mutually  saturated  solutions 
of  electrolyte  MX,  being  in  partition  equilibrium.  This  Volta  po¬ 
tential  may  be  defined  operationally  as  the  compensation  poten¬ 
tial  !2X  of  the  cell: 


wn 

mr 

wn 

M 

MX 

C 

MX 

MX 

wnere  an  and  nw  denote  the  aqueous  and  nitrobenzene  phases  res¬ 
pectively,  mutually  saturated,  and  Ng  means  the  chemically  inert 
gaaeoua  phase,  e.g,  nitrogen  or  clean  air. 

The  value  of  AJJ  ^°(MX)  may  be  measured  as  the  difference 
between  voltages  compensating  two  cells: 
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The  difference  between  compensation  voltages  (II)  and  (III) 
eqnaie  the  Volta  potential 

A  Ip  °(UX)  -  hx  -  S,  -  (1) 


provided  the  surface  potentials  of  the  vibrating  pinte  as  well  aa 
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wn  and  nw  phases  are  kept  constant. 

Type  (II)  oells  have  been  used  earlier  for  the  measureaente  of 


7olta-potential  differences.  The  latter  are,  at  the  same  time, 


M  X 

identical  with  differences  of  partition  potentials  A..^,.1  A. 


m2x2 


nw 


i.e.  are  equal  to  changes  of  Galvani  potentials  at  the  water  - 
nitrobenzene  interface  caused  by  the  ohange  of  chemical  composi¬ 
tion: 

Y _  .  ^  3 


A  A  A  ^ 

H-I" nw 


AHi~1A-<p 


(2) 


An  investigation  of  the  following  cell  offers  supplementary 
information  cn  systems  (II)  and  (III): 
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It  has  been  shown  that  tetraethalammoniom  piorate  (TEAPi)  eli¬ 
minates  the  diffusion  potential  on  the  interface  of  two  nitroben¬ 
zene  solutions  and  the  partition  potential  of  that  electrolyte  is 
cloze  to  zero.  The  difference  of  compensating  voltages  of  cells 
(III)  and  (IY)  type  allows  to  estimate  the  difference  between 
surface  potentials  of  water,  nitrobenzene  saturated,  and  nitro¬ 
benzene  saturated  with  water 


wn 


A~  X 

nw 


E>  *  E4 


(5) 


Operational  valuac  defined  by  eqna,  (1)  and  (5)  are  reluted 
to  Galvani  potential  by  definition: 


A*n  '-P  ° 

nw  1 


•  A-H’ 


a;:x 


(4) 


The  A  wn  t  °  values  measured  for  several  eloctrolytos  have 
n rff 


Known  that  the  eqas,  (1)  -  (4)  ara  valid.  Th*  *  X  and  ^  X 
values  equal  to  238  t  10  end  10b  t  20  mV  respectively,  hove  been 
obtained.  The  influence  of  saturation  of  water  with  nitrobenzene 
and  vice  versa,  on  the  surface  potential  of  these  solvente  has 
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In  addition  ohangen  in  the  eurface  potential  and  the  eurface 
tension  of  water  and  water  saturated  rith  nitrobenzene  have  been 
otudied  ae  funetione  of  tetrabutylammoiiicun  chloride  and  sodium 
tetraphenylborate  concentrations  for  water  and  water  saturated 
with  nitrobenzene. 


national  bureau  of  standards 
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ELECTROCHEMICAL  INVESTIGATIONS  OP  CHEMICALLY  MODIFIED 

ACTIVE  CARBONS 

S.  EINIAK,  M.  PAKULA  and  A.  SWI4TKOWSKI 

Institute  of  Chemistry,  N,  Copernicus  University, 
87-100  Toruri  /Poland/, 

Naval  Academy,  Gdynia  19  /Poland/, 

Military  Technical  Academy,  00-908  Warszawa  /Poland/ 


The  chemi8orptive,  catalytic,  ion-exchange  and  electrochemi¬ 
cal  properties  of  active  carbons  depend  largely  on  the  hetero- 
atoms  present  on  their  surface  and  in  particular  on  how  and  in 
what  quantities  is  oxygen  bound  to  their  surface.  This  is  the 
reason  why  much  work  is  devoted  to  studies  of  the  chemical  cha¬ 
racter  of  the  surface  of  active  carbons  as  well  as  of  that  of 
other  carbon  materials.  In  the  recent  years  attempts  were  made 
to  use  for  this  purpose  chronoyoltammetry  to  test  among  other 
things  graphite1,  carbon  black2,  glassy  carbon5  and  active  car¬ 
bon4.  However,  many  problems  have  not  found  so  far  full  expla¬ 
nation.  , 

In  the  present  work  the  earlier  described5’15  active  carbon 
CWN-2  was  used  for  testing.  It  was  preliminarily  accurately  de¬ 
mineralized  with  concentrated  hydrochloric  and  hydrofluoric 
acids  /what  lowered  the  ash  content  to  <0.1*>/  upon  which  a  part 
of  it  was  exposed  to  oxidation  with  air  oxygen  at  673K  during 
6  hours  in  a  fluidized  bed. 

In  order  to  characterize  the  porous  structure  of  both  carbon 
preparations  obtained,  their  benzene  vapour  adsorption  and  de¬ 
sorption  isotherms  at  29 3K  were  determined  using  a  McBain-Bakr 
vacuum  sorption  balance.  On  this  basis  such  porous  structure 
parameters  were  calculated  as:  the  volume,  vm<,  of  micropores 
and  that,  vme,  of  meaopores,  the  specific  surface  area, 
of  mesoporen  as  well  as  the  specific  area,  SS£>p,  by  the  BET  me¬ 
thod.  The  results  are  summarized  in  Table  1. 

In  order  to  characterize  the  chemical  character  of  the  surfa¬ 
ces  of  both  carbon  preparations  the  contents  of  acidic  surface 
oxygen  functional  groups  were  determined  by  selective  neutrali¬ 
zation  with  bases  of  different  strength.  In  the  case  of  basic 
groups  hydrochloric  acid  was  used  for  neutralization.  The  quan¬ 
tities  of  all  kinds  of  functional  groups  present  on  the  surface, 
as  well  as  the  ratios  of  the  total  number  of  acidic  groups  to 
that  of  basic  groups  are  given  in  Table  1.  In  the  table  the  to¬ 
tal  contents  of  oxygen  as  determined  directly  are  also  given  to 
allow  evaluation  of  the  effects  of  carbon  modification. 

The  chronovol tammetric  investigations  of  both  carbon  prepara¬ 
tions  were  conducted  with  the  use  of  a  PLP  321  XY  polarograph 
in  four  0.1  N  solutions  of  H^SO.  and  NaOH  mixed  in  such  propor¬ 
tions  as  to  obtain  resulting  pH^values  of  3.02,  6.00,  9.20  and 
11.01.  The  measurements  were  carried  out  in  an  oxygen-free  at- 
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Table  1 .  Physicochemical  properties  of  unmodified  and  modified 
active  carbon  preparations 


Fhysicochemical 

property 


Content  of  sur-  -COOH 
face  oxygen  -C00- 

functional  -OH 

groups,  =»C0 

meq/g  basic 


IT  acidic  gr./Dbasic  gr. 


Total  oxygen  content,  % 


sme>  *  U 
vme»  cm>/g 
7mi. 

SBET»  m 


Parameters 
of  porous 
structure 


Active  carbon  preparation 

oxidized  with 

unmodified 
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Fig.  1 ,  Chronovoltamaetric  curves  for  CWN-2  active  carbon  pre¬ 
parations  unmodified  /a/  and  oxidized  /b/  in  0.1  N  aque¬ 
ous  H^SO^-NaOH  solutions  of  varying  pH 
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aosphere  at  298K  and  potential  variation  rate  of  0.033  V/s, 
a  saturated  calomel  electrode  being  used  as  reference.  The  si¬ 
ze  of  the  carbon  samples  /accurately  determined  in  each  measu¬ 
rement/  varied  from  7  to  10  mg.  The  recorded  chronovoltarametric 
curves  are  shown  in  Pig.  1 . 

The  results  obtained  do  not  allow  their  full  interpretation 
since  the  described  investigations  are  only  a  preliminary  stage 
of  a  more  exhaustive  work  devoted  to  these  problems.  It  can  be 
indicated,  however,  that  certain  regularities  exist  which  may 
find  full  explanation  in  the  course  of  further  studies. 

Pir3t  of  all,  for  carbon  with  an  oxidized  surface  we  observe 
for  growing  pH  values  an  increasing  cathodic  wave  with  a  peak 
potential  of  about  -0.7  7.  This  can  be  explained  by  a  gradual 
hydrolysis  of  surface  lactone  systems  which  leads  to  the  gene¬ 
ration  of  carboxylic  and  phenolic  groups'.  The  latter  groups 
may  take  part  in  a  redox  reaction  of  the  hydroquinone-quinone 
system.  In  the  case  of  non-oxidized  carbon  no  such  effect  is 
observed  in  view  of  the  very  low  content  of  oxygen  functional 
groups  /Table  1/. 

The  results  of  chronovoltammetric  studies  of  active  carbons 
presented  in  this  paper  point  to  the  necessity  of  continuing 
the  investigations  accompanied  by  parallel  studies  with  the  use 
of  other  techniques,  e.g.  IR  spectroscopy. 
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In  the  last  decade,  chemical  modification  of  electrode 
surfaces  has  been  intensively  investigated  as  a  means  for 
making  various  functional  electrodes.  In  relation  to  electro- 
catalyses  of  the  modified  electrodes  for  fuel  cells,  most 
reserches  have  been  intended  for  the  persuit  of  novel  molecular 
designs  to  accelerate  electrochemical  reactions.  For  mechan¬ 
istic  studies  or  analytical  purposes,  however,  we  very  often 
require  suppression  of  some  undesirable  electrode  reactions  to 
avoid  overlapping  of  a  wave  of  interest  with  these  unwanted 
ones . 

In  the  present  paper,  we  will  demonstrate  that  the  surface 
catalytic  reduction  of  H2O2  on  a  polycrystalline  gold 
electrode  in  aqueous  alkaline  solutions  can  be  greatly  sup¬ 
pressed  by  the  chemical  modification  of  the  electrode  surface 
with  n-dodecyltriethoxysilane  while  the  reduction  of  O2  and 
the  oxidation  of  H2O2  are  not  affected  appreciably. 

Such  a  chemical  modification  enables  us  to  carry  out  the 
independent  detection  of  H2O2  and  O2  in  their  mixture. 

An  unmodified  gold  plate  and  a  chemically  modified  gold 
oletn  with  n  dodecyltriethoxysilane  were  used  as  working 
.■..Uv.  Electrochemical  measurements  were  performed  in  a 

glass  cell  using  a  gold  plate  and  a  saLu  - '  electrode 

(SCE)  as  a  counter  and  a  reference  electrode,  respectively.  A 
deaerated  0.3  mM  H2O2  and  an  air-saturated  aqueous  solution 
containing  10  r.iM  NaOH  and  0.1  M  KC1  were  employed  as  sample 
solutions . 

Figure  la  shows  the  cyclic  voltammogram  of  the  deaerated 
H2O2  solution  on  the  unmodified  gold  electrode.  On  the 
negative  sweep  starting  at  -0.13  V,  two  cathodic  waves  were 
observed  with  the  peak  potentials  of  -0.2  V  and  -0.8  V, 
respectively.  The  first  cathodic  wave  with  the  peak  potential 
of  -0.2  V  has  been  ascribed  to  the  surface  catalytic  reduction 
of  H2O2  which  proceeds  via  adsorption  of  H2O2  on  the 
surface  of  gold  in  the  form  of  OH: 

H02~  +  H20  —v  20H ( ads )  +  OH“  (1) 

20H  ( ads  )  +  2e"  — *-  20H“  (2) 

or  the  reduction  of  O2  generated  by  the  chemical  decomposi¬ 
tion  of  H2O2  on  the  surface: 

2H02-  — *■  02  +  20H-  (3) 

02  +  2e“  +  H20  — v  H02“  +  OH"  (4) 

However,  the  latter  mechanism  should  be  ruled  out  because  the 
peak  potential  of  the  first  cathodic  wave  of  H2O2  reduc¬ 
tion  is  ca.100  mV  more  positive  than  that  of  the  O2  reduction 
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as  described  below.  The  second  cathodic  wave  with  the  peak 
potential  of  -0.8  V  may  be  due  to  the  direct  reduction  of 
II202  on  OH  free  surface: 

H02"  *■  2e“  -v  H20  — v-  30H"  (5) 

On  the  reversed  scan,  the  cathodic  current  increased  again 
in  the  potential  region  between  -0.4  V  and  -0.2  V.  This  indi¬ 
cates  that  the  reaction  shown  by  the  first  cathodic  wave  is 
limited  within  the  narrow  potential  region.  Following  the 
increase  of  cathodic  current,  an  anodic  wave  started  at  -0.15 
V.  This  wave  can  be  assigned  to  the  oxidation  of  H->02: 

H02”  +  OH"  — >  02  +  H20  +  2e“  (6) 

Figure  1b  shows  the  cyclic  voltammogram  of  the  deaerated 
H202  solution  on  the  chemically  modified  gold  electrode. 

In  contrast  with  the  current  observed  on  the  unmodified  elec¬ 
trode,  the  only  one  cathodic  wave  with  the  peak  potential  of 
ca.  -0.8  V  was  observed.  This  wave  can  be  ascribed  to  the 
direct  reduction  of  H202  described  above.  The  pronounced 
suppression  of  the  first  wave  on  the  modified  surface  may 
result  from  the  blocking  of  catalytic  sites  which  bind  H202 
in  the  form  of  OH.  On  the  reversed  scan,  an  anodic  wave  with 
the  onset  potential  of  -0.15  V  was  observed.  This  indicates 
that  the  oxidation  of  H202  to  02  as  well  as  the  direct 
reduction  of  H202  to  H20  is  not  affected  appreciably  by 
aikylsilanization.  On  the  second  negative  scan,  a  new  wave 
starting  at  -0.1  V  appeared.  The  peak  potential  of  this  new 
wave  was  -0.3  V  which  coincided  with  the  peak  potential  of  the 
first  wave  of  the  02  reduction  as  seen  below.  This  wave, 
therefore,  can  be  reasonably  assigned  to  the  reduction  of  02 
which  was  generated  on  the  preceeding  positive  sweep. 

Figure  1c  shows  the  cyclic  voltammogram  of  the  air-satu¬ 
rated  solution  on  the  chemically  modified  gold  electrode  which 
is  similar  to  the  one  on  the  unmodified  electrode.  Two  cathodic 
waves  with  the  peak  potentials  of  -0.3  V  and  -0.8  V  were 
observed.  The  first  wave  corresponds  to  the  reduction  of  02  : 

02  +  2e~  +  H20  — «►  H02-  +  OH"  (7) 

Comparing  the  results  shown  in  Figures  la,  b,  c,  we  assigned 
the  second  wave  to  the  direct  reduction  of  H202  (eg.  5) 
which  was  generated  by  the  02  reduction  at  the  first  cathodic 
wave.  (eg.  7).  On  the  reversed  scan,  an  anodic  wave  starting 
at  -0.15  V  was  observed.  This  wave  was  not  observed  when  the 
sweep  started  first  to  the  positive  direction.  The  comparison 
of  Figures  la,  b,  c  reveals  also  that  this  anodic  wave  corres¬ 
ponds  to  the  oxidation  of  H202. 

On  t'e  unmodified  electrode,  the  ratio  of  peak  current  of 
the  first  cathodic  wave  to  that  of  the  second  cathodic  wave, 
ipl/ip2»  was  slightly  greater  than  the  ratio  obtained  from 
Figure  1c.  This  indicates  that  H202  generated  by  the  02 
reduction  in  the  first  cathodic  wave  (eg.  7)  was  partially 
reduced  further  to  H20  by  the  succeeding  reactions  shown  by 
the  first  cathodic  wave  in  Figure  la  (egs.  1,  2).  On  the  other 
hand,  since  the  further  reactions  were  suppressed  on  the 
chemically  modified  electrode,  the  value  of  ipi/ip2  became 
smaller  than  on  the  unmodified  one. 

These  experimental  findings  described  above  lead  to  the 
conclusion  that  ( 1 )  the  catalytic  H202  reduction  on  gold 
proceeds  mainly  via  the  mechanism  described  egs.  1  and  2  and 
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ELLIPSOMETR Y  :  ELECTRONS  PROFILES 
AT  THE  Au-ELECTROLYTE  INTERFACE 

F.  CHAO  and  M.  COSTA 

Laboratoire  d ' Electrochimie  Interfaciale  du  CNRS 
1  Place  A.  Briand,  92195  MEUDON  Principal  Cedex,  France 


'd.’i'  j'j"  theoretical  studies  try  to  describe  the  free  elec- 
-  ons  distribution  ;.n  the  i  liter  facial  zone  in  absence  of  trans- 
f •  r  reactions. 

Those  studios  are  generally  done  wittj  the  electrode  at  the 
tore  charge  potential  (see  for  example  A ) .  The  electric  charge 
■" o t a i  effect  on  the  deformation  or  displacement  of  these  profi¬ 
les  has  boon  the  subject  of  some  papers. 

2 

Recently  Dzhavakhidze  et  al  calculated  the  characteristics 
of  toesc  profiles  as  a  function  of  the  electric  charge  for  dif¬ 
ferent  metals,  using  the  simple  jellium  model. 

El 1 i psome try  with  phase  and  azimuth  modulation  allows  the 
measurement  of  very  weak  variations  of  A  and  ?  (some  minutes) 
corresponding  to  the  charge  variation  of  the  electrode. 

We  propose  a  model  of  calculation  of  these  variations  start¬ 
ing  from  the  integration  of  the  dielectric  function  of  the  me¬ 
tal  superficial  layer  modified  by  the  electric  field.  The 
identification  of  calculated  and  experimental  values  of  6¥  al¬ 
lows  us  to  reach  the  parameters  characteristic  of  the  electron¬ 
ic  distribution  as  a  function  of  the  charge.  We  shall  compare 
these  results  to  those  calculated  in  ref.  2 

1.  E.  Fusco,  C.  Regnaut,  J.P.  Dadiali,  Extended  Abstracts, 

33rd  Meeting  ISE,  Lyon,  1982,  p.37. 

2.  P.G.  Dzhavakhidze,  A. A.  Kornyshev,  G.I.  Tsitouashvili ,  Solid 

State  Communications,  52  (1984)  401. 
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THE  PERMEATION  OF  HYDROGEN  IN  A  STEEL  AT  ELEVATED 
TEMPERATURES  BY  AN  ELECTROCHEMICAL  METHOD 

HARUSHIGE  TSUBAKINO  and  KOJI  YAMAKAWA 
College  of  Engineering,  University  of  Osaka  Prefecture 
Mozu-Umemachi ,  Sakai,  Osaka  591,  Japan 


Steels  exposed  to  high  temperature  and  high  pressure 
hydrogen  result  in  a  marked  reduction  in  mechanical  properties. 
This  phenomenon  is  well  known  as  hydrogen  attack,  which  is 
caused  primarily  by  a  nucleation,  growth  and  coalecence  of 
methane  bubbles'  . 

All  of  studies  cn  hydrogen  attack  have  been  performed  by  a 
usual  gaseous  method  using  pressure  vessel  or  autoclave.  But  an 
electrochemical  method  has  the  following  remarkable  fea¬ 
tures^  :  i  good  detection  limit  for  the  measurement  of  hy¬ 
drogen  content  in  steel,  a  simpler  measuring  apparatus,  suit¬ 
ability  for  successive  measurement  of  the  transport  character¬ 
istics,  and  flexibility  in  variation  of  experimental  condi¬ 
tions.  However  this  electrochemical  method  has  been  restricted 
to  temperatures  below  373  K  because  an  aqueous  solution  has 
been  used  as  an  electrolyte. 

In  this  study,  an  electrochemical  permeation  method  using 
molten  sodium  hydioxide  at  elevated  temperatures  (673-773  K)  in 
the  range  of  practical  interest  for  hydrogen  attack  in  steel  is 
presented . 


Procedure  and  Results 

An  electrochemical  permeation  method  is  based  on  the 
following  concept:  hydrogen  is  introduced  into  one  side  of  a 
metallic  specimen  during  cathodic  polarization,  while  the  other 
side  of  the  specimen  is  held  at  an  anodic  potential  sufficient 
to  ionize  any  hydrogen  arriving  at  the  surface  after  passage 
through  the  metal.  The  resulting  ionization  current  is  a  direct 
moasre  of ;the  instantaneous  rate  of  hydrogen  permeated  through 
the  meta 1^ 

In  this  study,  the  cathodic  charging  and  extraction  of 
hydrogen  are  carried  out  by  using  molten  salt  electrolyte.  The 
cathodic  and  anodic  reactions  are,  respectively 

H,0  +  e~  — »  H  ,  *  OH"  ( 1 ) 

.  2  ad 

,tp(i  -  — 

H  ,  +  OH  — *  Ho0  +  e  .  ( 2 ) 

ad  2 

A  schematic  diagram  of  the  experimental  setup  is  shown  in 
Fig.1.  The  specimen  has  a  cylindrical  geometry  and  its  bottom 
is  about  three  times  thicker  than  the  thickness  of  the  side. 
The  inner  diameter  is  z5  mm  and  the  thickness  is  varied  from  2 
to  6.j  mm.  The  specimen,  Into  which  a  stainless  steel  tube  is 
screwed,  separates  the  entry  side  (A)  and  extraction  side  (B) 
of  the  hydrogen. 

Entry  side  (A):  Sodium  hydroxide  (melting  poir.t  =  595  K)  is 
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contained  in  an  alumina  crucible.  Argon  gas  is  bubbled  through 
a  water  bath  at  303  K  with  a  gas  flow  rate  of  1 . 7x1 0‘°m3/s .  The 
cathodic  charging  of  hydrogen  is  carried  out  galvanostatically 
using  four  graphite  counter  electrodes,  located  on  the  same 
circumference,  and  a  current  density  of  50-200  A/nr  ^). 

|£-^—r3c^on _ Side  ( B ) :  is  also  filled  with  sodium  hydr¬ 

oxide  .  The  surface  of  the  specimen  is  plated  with  a  gold¬ 
coating  of  about  0.15  or  0.5  urn  in  thickness.  Platinum-coated 
Magnesia-stabilized  zirconia  tube  is  used  as  the  reference 
electrode.  The  electrolytic  cell  is  filled  with  argon  gas  in  a 
good  airtight  condition.  The  specimen  is  maintained  at  a 
constant  potential  in  the  range  from  -1.0  to  -0.4  V  vs 
Air/C;  ”  (  ZrCr  ) . 

When  the  anodic  current  density  reached  a  steady  state 
less  than  0.5  A/m  ,  without  the  cathodic  hydrogen  charging,  the 
cathodic  charging  is  started.  The  cathodic  current  density  is 
increased  (build  up)  and  then  decreased  (decay).  The  permeated 
transient  current  during  these  build  up  and  decay  processes  is 
recorded  as  a  function  of  time. 

The  observed  relationship  between  the  permeation  current 
and  the  extraction  potential  shows  thet  the  most  suitable 
potential  to  detect  hydrogen  is  shown  in  the  range  of  200  mV 
from  -800  to  -600  mV  vs  Air  /CP  (ZrO^).  Typical  build  up  and 
decay  transients  at  673  K  are  shown  in  Fig. 2.  The  data  agree 
fairly  well  with  the  theoretical  curves.  This  result  indicates 
that  the  extraction  surface  is  held  at  an  sufficient  anodic 
potential  to  ionize  the  hydrogen.  But  the  data  tend  to  deviate 
from  the  theoretical  curves  as  the  thickness  of  the  specimen 
decreases.  This  will  be  due  to  the  effect  of  gold-plating  on 
the  hydrogen  permeation  rate. 

The  detection  limit  in  this  electrochemical  method  is  less 
than  0.1  ppm,  which  is  much  less  than  the  critical  hydrogen 
contents  for  hydrogen  attack  in7carbon  steel  (0.6  ppm)  and  in 
Cr-Mo  steel  (2. 4-4. 3  ppm)(Fig.3)  .  The  dif f usivities  obtained 
from  several  build  up  and  decay  runs  at  each  temperature  are  in 
good  agreement  with  the  values  obtained  from  the  gaseous 
methods,  i.e.,  gaseous  permeation  and  evolution  techniques.  But 
a  significant  delay  in  the  first  transient  is  always  observed 
(Fig. 4).  And  the  diffusivities  tend  to  decrease  gradually  as 
the  permeation  run  increases.  These  phenomena  will  be  due  to 
the  hydrogen  trapping  in  steels. 

Therefore,  this  electrochemical  permeation  method  using 
molten  3alt  will  be  useful  to  study  the  hydrogen  transport  in 
metals  at  high  temperatures  and  to  predict  the  hydrogen  attack 
of  steels. 
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FIG. 1  EXPERIMENTAL  SET  UP. 

(A):Entry  Side,  (B) : Extraction  Side 
l:Specimen,  2:Stainless  steel  tube, 
3:Alumina  crucible,  4:Graphite  rod, 
S:Stainless  steel  tube,  6:Nickel  wire, 

7,8 : Thermocouple,  9:Stainless  steel  wire, 
10:Stabilized  zirconia  tube,  lltFumace 


FIG. 2  TYPICAL  PERMEATION 
TRANSIENTS. 


FIG. 3  CRITICAL  HYDROGEN  CONTENT 
FOR  HYDROGEN  ATTACK. 


ELECTROCHEMICAL  PROPERTIES  OF  ELECTRODE  SURFACES  MODIFIED  WITH 
POLY-VINYL IMIDAZOLE  BOUND  RUTHENIUM  COMPLEXES. 


S.M.  GERATY,  A . G .  ROSS  AND  J.G.  VOS 
School  of  Chemical  Sciences,  National  Institute  for  Higher 
Education,  Dublin  9,  Ireland. 


Introduction. 

Polymer  bound  ruthenium  complexes  are  promising  as  new  materials 
for  electrochemical  applications.1  Such  metallopolymers  have 
been  investigated  both  as  thin  films  on  electrode  surfaces  and  in 
solution.2*3  Areas  of  interest  are  energy  conversion  and 
catalysis.  It  in  expected  that  both  the  nature  of  the  ruthenium 
complex,  and  therefore  its  redox  potential,  and  the  charge 
transport  through  the  polymer  layer  will  be  affected  by  the  type 
of  polymer  backbone  and  the  metal  to  polymer  ratio. 

We  started  a  systematic  investigation  into  the  effect  of  the 
polymer  backbone  on  the  chemical  properties  of  metallopolymers. 

In  this  contribution  characterisation  arid  electrochemical 
properties  of  electrodes  modified  with  Ru(bpy)2  -  groupings  bound 
to  poly  N-vi nyl imidazole  (PNVI)  and  poly-4 ( 5 ) -vinyl imidazole  are 
reported  (PCVI  )  . 

Results  uid  discussion 

in  contrast  with  earlier  experiments  using  poly-4-v inylpyr id ine 
(PVP)  as  a  polymer  backbone2,  PNVI  and  PCVI  often  yield  at  least 
two  types  of  bound  ruthenium  complexes  when  reacted  with  Ru(bpy)2 
Cl2.  This  is  clearly  shown  by  CV’s  of  the  polymer  coated 
graphite  electrodes  (see  fig.l).  The  data  obtained  suggests  that 
reactions  1,  2  and  3  are  taking  place, 

Ru(bpy) 2C12  +  PNVI  - »  (Ru(bpy) 2 (PNVI )  CI]+  *  Cl"  (1) 

[  Ru  ( bpy )  2  ( PNV I )  cr]+  - >-  (Ru(bpy)  2  (PNVI )  S ]3+  +  CI“  (2) 

(Ru(bpy) 2 (PNVI )S] 2+  +  PNVI  - >  [ Ru ( bpy ) 2 ( PNV  I ) 2 ] 2  +  +  Cl-  (3) 

with  the  solvent  complex  [Ru (bpy) 2 (PNVI )  S)2*  (S  -  H20,  MeOH) 
possibly  present  as  an  intermediate.  The  nature  of  these 
complexes  has  boon  investigated  by  comparison  of  spectroscopic 
and  electrochemical  data  of  these  materials  with  those  obtained 
for  analogous  monomeric  complexes .  The  composition  of  the 
metallopolymers  obtained  ie  influenced  by  the  reaction  conditions 
during  the  synthesis.  In  general  addition  of  water  will  increase 
the  amount  of  dleubstituted  complex  obtained  (see  fig.l).  Also 
the  variation  of  the  polymer ,  ruthenium  ratio  affects  the  product 
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distribution.  In  some  ca*PD  an  extra  banc!  at  about  300  mV  va  SCE 
la  observed.  The  nature  of  tnia  redox  couple  ia  not  yet  clear. 
The  poak-to~poak  oeparation  and  the  stability  of  the  polymer 
modified  electrodes  depends  strongly  on  the  nature  of  the 
electrolyte.  Peak-to-peak  separations  are  very  small  (<  20  mV) 
in  MCI  or  H2304  and  larger  (>  50mV)  in  non  acidic  solutions  and 
in  HC 10. . 


Both  thermal  ana  photochemical  displacement  of  the  Cl-  ligand  in. 
the  munooubot itutod  products  are  observed.  The  thermal  exchange' 
is  faster  than  for  the  corresponding  poly-4-vinylpyr idine  complex 
[ Ru ( bpy ) 2 ( PVP ) Cl] +  4.  Under  irradiation  (electrolyte,  1  M  HC104) 
loss  of  Cl"  is  very  efficient,  the  product  obtained  from 
[Ru (bpy) 2 (PNVI ) C I )+  is  most  likely  [Ru(bpy) 2 (PNVI )H20] 3+ .  In 
sulfuric  ac.id  coordination  of  sulfate  ions  is  also  observed. 
Electrodes  modified  with  ruthenium  containing  PNVI  were  used  for 
oxidation  of  Fe3+.  It  was  found  that  the  oxidation  is  mediated 
by  t.ho  polymer  coating.  The  limiting  current  depends  on  the  ?e3  + 
concentration  (see  fig.  2).  A  Koutecky-Levich  plot  of  this 
limiting  curront  yields  a  straight  line  with  an  intercept  that  is 
dependent  on  the  amount  of  the  polymer  used  (fig.  3). 

References 

1.  P.G.  Pickup  and  w.  Murray,  J.  Electrochem.  Coe..  1984,  131, 

82  3. 

2.  J.  M.  Clear,  J.  M.  Kelly,  C.  M.  O'Connell  and  J.G.  V03 ,  J. 
Chom.  Res.,  1981,  3039  (M) . 

3.  0.  Haas  and  J.G.  Vos,  J.  Electroanal.  Chem. ,  1980,  113,  139. 

4.  O.  Haas,  H.  R.  Zumbruanen  and  J.G.  Vos,  Electrochim.  Acta,  in 
p  r  l  ri  t . 


02202 


Fig.  1. 

CV' s  of  the  materials  obtained  from 
the  reaction  of  Ru(bpy) with  PNVI 
(Ru:  PllVI  ratio  =  1  :  10)  in; 

methanol  ( - ) 

methanol /water  ( - ) 

S  -  100  fiA;  scan  rate  SO  mV/sec; 
electrolyte  1  M  H^SO  . 


Fig.  2. 

[fe2  Jdependency  of  the  limiting  current 
of  the  oxidation  of  this  ion  using  a 
CG  electrode  coated  with  Ru(bpy). 

O 

containing  PNVI. 


!  F.2*J 


3 


l«l  ,  lit 


Koutecky-Levich  plot  of  the 
2+ 

oxidation  of  Fe  using  a  CG 
electrode  coated  with  [ifu(bpy) ^PNVI  Cl]* 
[jfu  1  si  2.5  x  10~7  M/cm2  (A) 


[>J=' 


2.5  x  10~8  M/cm2  (B) 
■  2x  10~lM/l 
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THE  USE  OF  ADATOMS  IN  THE  ELECTROCHEMICAL 
SYNTHESIS  OF  GLYOXYLIC  ACID  FROM  GLYOXAL 


G.  PIERRE,  M.  EL  KORDI  and  G.  CAUOUIS. 

Laboratoire  de  Chimie  Organique  Analytique  (U.A,  C.N.R.S.  321) 

B.P.  n°  68  -  Domaine  Uni versa taire  de  Saint  Martin  d'Heres  (France) 


During  the  electrochemical  synthesis  of  glyoxylic  acid 
from  oxidation  of  glyoxal,  one  of  the  main  problem  encountered  was  the 
total  elimination  of  glyoxal  itself.  Indeed  as  three  reactions  are 
possible  at  the  same  potential  on  a  platinum  electrode, 


CH0CH0  - 

2e  +  H20 

* 

CH0C00H  ♦  2H* 

(1) 

CH0C00H  - 

2e  +  H20 

♦ 

(COOH)2  +  2H* 

(2) 

( C00H ) ^  - 

2e 

♦ 

2C02  +  2H+ 

(3) 

after  complete  electrolysis  of  solution  containing  5%  (0.86  M)  of 
glyoxal,  0.9*  (0,15  M)  of  this  species  remains  in  the  solution  after 
the  passage  of  the  quantity  of  electricity  Qth  corresponding  to  the 
reaction  (1).  A  further  oxidation  beyond  1.2  0th  is  of  poor  interest 
since  glyoxylic  acid  vanishes  quickly  from  the  solution. 

From  the  results  of  HORANYI  et  al*’^  and  F0RNAR0  et  al^’4 
we  can  deduce  that  glyoxel  is  adsorbed  on  Pt  following  two  types  of 
reaction.  For  high  concentrated  solution  of  glyoxal,  the  molecule  is 
oxidized  into  glyoxylic  acid  after  adsorption  onto  two  activ  sites  of 
platinum,  when  for  low  concentrated  solution  it  takes  four  activ  sites 
and  gives  oxalic  acid. 

So  a  method  which  could  promote  the  vanishing  of  glyoxal 
without  an  increase  in  oxalic  acid,  for  example  by  blocking  some  activ 
si^es  of  the  metal  of  the  anode,  would  be  interesting.  It  was  the  role 
attributed  to  the  adatoms  added  to  the  solution  of  the  electrolysis. 

-4  -3 

The  influence  of  the  addition  of  5.10  to  10  M  of  nine 
adatoms  :  Pd,  Ru,  Ag,  Au,  Tl,  Pb,  Bi,  Sn,  Cu  on  the  ill  defined 
oxidation  curves  of  glyoxal,  glyoxylic  acid  (about  0.2  M)  and  oxalic 
acid  has  been  studied  by  cyclic  voltammetry  on  platinum  and  in  aqueous 
N  HCIO^  solution  which  have  a  wide  anodic  domain.  Three  of  them  Tl, 
Ag,  Au,  gave  a  cathodic  shift  of  the  potential  and  an  increase  of  the 
current  of  the  peak  corresponding  to  the  oxidation  of  the  organic 
species.  An  exemple  is  given  below  for  Ag  adatom.  The  addition  of 
other  adatoms  lead  generally  to  an  opposite  effect. 

This  effect  is  compared  with  the  yields  in  glyoxylic  acid 
and  the  concentrations  of  the  different  species  after  electrolysis  in 
comparable  conditions.  The  salt  of  the  adatom  is  added  at  the 
beginning  of  the  experiment,  Sn  is  predeposit. 
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The  results  concerning  the  most  interesting  adatoms  are 
compiled  in  the  table. 


Yields  in  glyoxylic  acid.  Anode  Pt,  ©  =  50°C,  0  =  1.2  0th 
1  M  HCl  solutions,  starting  concentration  of  glyoxal  :  ■v.  c.9  M. 

|  ada  terns  |  =  10~  M. 


1 

| Adatoms 

1 

none 

T 

1 

1 

Ag 

T 

1 

1 

Au 

T 

1 

1 

Sn 

TT 

II 

II 

Pd 

■7 

1 

1 

1 

|Glyoxal  final 

1 

M  | 

0,095 

1 

1 

j 

0,034 

1 

I 

1 

1 

0,052 

1 

l 

! 

0,034 

II 

II 

|  t 

0,37 

1 

1 

| 

1 

(Glyoxylic  acid 

I 

M  | 

0,480 

1 

I 

0,600 

I 

1 

0,588 

1 

1 

1 

0,554 

1  1 

|  | 

0,250 

1 

1 

1 

1 

(Oxalic  acid 

1 

M  j 

0,089 

! 

i 

| 

0 , 080 

1 

1 

1 

0,083 

1 

I 

| 

0 , 064 

I  1 

II 

0,067 

1 

1 

1 

(Chemical  yield 

i 

%  ! 
i 

62 

I 

1 

1 

69 

1 

1 

| 

69 

1 

1 

1 

63 

1 1 

II 

1 1 

51 

1 

1 

1 

I 

i  i 

(Electrical  yield  | 

46 

1 

i 

54 

1 

1 

53 

1 

1 

52 

1 1 

1 1 

24 

1 

1 

|% 

! 

i 

i 

1 

i 

i 

1 

1 

1 

II 

II 

1 

1 

Salts  used  :  AgNOy,  SnCl?;  KPdCl^;  HAuC14,  3H20. 
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It  was  observed  that  with  adatoms  making  easier  the 
oxidation  of  the  organic  product,  the  yields  are  slightly  increased, 
but  the  main  interest  is  a  better  elimination  of  glyoxal 
(concentration  divided  by  about  3).  With  Ag  a  further  oxidation 
(0  -1,6  Qth)  lead  to  almost  a  complete  vanishing  of  glyoxal  (0,007  M) 
with  a  still  good  chemical  yield  (52%),  which  has  been  impossible  to 
obtain  on  bright  platinum.  Palladium  adatom  is  a  particular  example 
where  it  is  the  peak  of  the  adatom  which  is  modified  by  addition  of 
glyoxal  or  the  other  species.  In  this  condition  the  main  reaction  is  a 
C02  evolution.  Or,  vitreous  carbon  V  25  ( le  CARBONE  LORRAINE),  almost 
no  variation  a»-e  observed  at  50°C  by  addition  of  adatoms  studied  up  to 
r.^w  (  B  i  ,  2n  ) 
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Influence  of  silver  adatoms  on  the  cyclic  voltammetry  of 


glyoxal  an^ 

its  oxidation 

products.  All 

the  concentrations  are 

expressed 

in  mol.  1 

left  side 

:  | CHOCHO | 

0.17  ;  1  : 

1  Ag+ |  =  0  ;  2 

1  Ag+  | 

=  1.2. 10" 3 

middle 

:  |  CHOCOOH  |  -= 

0.15  ;  3  : 

|Ag*|  =  0  ;  4 

1  Ag*  | 

=  1.2. 10~3 

right  side 

:  |  COOHCOOH  | 

3.2.10"2;  5  : 

|Ag+|  =  0  ;  6 

lAg'1'! 

=  1.2.10*3 

I  scale  = 

Curves  1-4 

:  1  unit  = 

100  v  A. 

Curves  5,6 

:  1  unit  = 

500  u  A . 
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ON  TH3  MECHANISM  OP  THE  EFFECT  OF  COBALT  ADDITION  ON 
THE  PROPERTIES  OF  A  NICKEL  OXIDE  SLBCTRODB 

V.Z .BARSUKOV,  N.R.MBSHCHBRJAKOVA,  L.N.SAGOJAN 
Institute  of  Chemical  Engineering,  Dnepropetrovsk  (USSR) 


Cobalt  is  one  of  the  most  effective  additives  to  nickel  oxide 
electrodes  (NOE)-'.  However,  little  evidence  about  the  mechanism 
for  the  effect  of  such  additions  has  been  obtained  up  to  now2, 
this  being  to  a  considerable  extent  due  to  a  lack  of  so  far  proved 
quantitative  ideas  as  to  the  nature  of  the  main  current -forming 
process  in  the  active  material  (AM)  grain  of  NOE. 

Authors  of3  on  the  basis  of  theoretical  analysis  of  a  dynamic 
model  of  an  AM  grain  in  NOE  have  shown  that  the  cathodic  process 
starts  simultaneously  within  the  whole  volume  of  a  grain,  but  the 
intensity  of  the  process  varies  with  depth  considerably;  it  is 
defined  by  the  distribution  of  electric  field  strength  in  the  so¬ 
lid  phase.  The  discharge  process  of  the  grain  is  decisively  influ¬ 
enced  by  the  change  of  the  solid  phase  conductivity,  which  first 
drops  gently  and  then  abruptly  with  relationship  of  Ni3+/Ni2+ratio 
decrease.  The  cause  of  abrupt  grain  passivation  during  discharge 
is  in  faster  exhaustion  of  electric  conductivity  of  AM  within  the 
eolid  phase  volumes  adjacent  to  the  areas  of  contact  with  the 
current  lead.  The  parts  of  the  grain  that  are  inner  and  most  remote 
from  the  contact  of  the  three  phases  do  not  discharge  completely, 
tbuo  lowering  trie  AM  utilization  factor. 

In  our  opinion,  cobalt  introduction  into  the  AM  affects  directly 
the  grajn  passivation  causes  during  discharge  and  results  in  smoo¬ 
thing  down  the  non-uniform  grain  operation  providing  for  more  com¬ 
plete  usage  of  the  capacity  of  deeper  parts  of  the  solid  phase 
remote  from  the  areas  of  contact  with  the  current  lead. 

The  main  prerequisites  of  the  above  effect  are  as  follows; 
a  practically  complete  isomorphism  of  crystal  lattices  of  5-Co(OH)2 
and  B  -Ni(0H)2  facilitates  easy  implantation  of  Co  ions  into  the 
crystal  lattioe  of  AM  to  replace  Ni  ions  and  to  retain  them  in 
the  lattice  firmly  during  electrochemical  transformations*. 

Co(II)  transforms  to  its  stable  oxidized  state  Co(III)  during 
the  first  charge  cycle.  From  that  moment  on  it  does  not  change  ita 
degree  of  oxidation  during  mutual  transformations  Ni(III)=-Ni(II) 
within  the  normal  range  of  NOE  potential  variations. 

Cobalt  implantation  to  the  crystal  lattice  to  fora  solid  solu¬ 
tion  results  in  a  definite  type  of  interaction  between  Co(III)  icn 
and  nickel  ions  surrounding  it.  This  type  of  solid  solution  can 
be  regarded  as  a  kind  of  solid-state  complex  compound  of 
GoOOH*nNiOOH  type  in  which  Co(III)  acts  as  a  complexing  agent.  As 
known,  ion  reduction  from  a  complex  often  is  energetically  more 
difficult  and  takes  place  at  higher  electrode  polarizations. 
Therefore  it  might  be  supposed  that  in  compounds  of  this  type 
Co(III)  will  retain  a  part  of  the  surrounding  nickel  ions  in  a 
higher  degree  of  oxidation  and  that  transformation  of  this  part 
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Pig. Cyclic  I-K  curves: 

a) NiOOH(l),  CoOOH(2) 

b) mechnnical  mixtures : 

CoOOH  +  Ni00H(1) 

CoOOH  +  2NiOOH(2) 
CoOOH  +  3NiOCH(3) 

c) aolid  solutions: 

1 3N iOOH ( 1 ) 
12N100H(2) 

9NiOOH(3) 
6NiOOH(4) 
4NiOOH(5) 
3NiOOH(6) 
2NiOOH(7) 


from  Ni(III)  to  Ni(II)  state  will  take 
place  at  somewhat  lower  potentials. 

To  obtain  experimental  evidence  of  these 
assumptions  codeposition  of  hydroxides  was 
accomplished.  Compounds  of  CoOOH'nNiOOH 
(n«2,3*4,6,9,12  and  13)  type  were  obtained 
as  well  as  mechanical  mixtures  of  CoOOH 
and  NiOOH  with  the  same  n  values.  Indivi¬ 
dual  phases  of  6 -NiOOH  and  0  -CoOOH  were 
also  obtained.  Identification  of  phases 
and  degrees  of  oxidation  was  carried  out 
using  electron  diffractometry  and  electrcn 
paramagnetic  resonance  (EPR)  spectroscopy 
techniques. 

Using  the  derivatographic  analysis  tech¬ 
niques  it  was  found  that  codeposition  of 
substances  results  in  obtaining  solid 
substitution  solutions  rather  than  mecha¬ 
nical  mixtures  of  initial  components  with 
additive  features. 

Cyclic  voltage-current  curves  for  CoOOH 
and  NiOOH  are  shown  in  Fig. a.  Transition 
of  Ni3+  to  Ni‘i+  takes  place  at  potentials 
that  are  by  about  285  mV  more  positive 
than  those  for  Co3+  to  Co^+  transition. 
Voltage-current  curves  for  mechanical  mix¬ 
tures  of  CoOOH  +  nNiOOH  (Fig.b)  at  catho¬ 
dic  polarization  in  the  range  of  poten¬ 
tials  from  0.1  to  0.5  V  (normal  hydrogen 
electrode)  have  two  consecutive  peaks  cor¬ 
responding  ,  as  can  be  seen  from  Pigs. a 
id  b,  to  independent  reduction  of  Ni’-< 
i.2+  and  then  that  of  Co3+  to  Co^+. 


J+to 


CoOOH 

CoOOH 

CoOOH 

CoOOH 

CoOOH 

CoOOH 

CoOOH 


an 

Ni<:+  and  then  that  of  Co->+  to  Co 

Fig.b  shows  cyclic  voltage-current  cur¬ 
ves  for  codeposited  compounds  CoOOH«nMOCH 
In  the  range  of  potentials  from  0  to  0.5 V 
a  pair  of  peaks  is  observed  on  the  curve 
of  any  substance;  this  pair  of  peaks  is 
between  voltage-current  curves  of  initial 
NiOOH  and  CoOOH  on  the  potential  scale. 

The  stationary  potential  and  the  position 
of  the  peaks  depend  on  the  ratio  of  cobalt 
and  nickel  in  the  lattice .With increasing  n  the  stationary  poten¬ 
tial  is  shifted  to  a  more  positive  region  -  up  to  the  redox-po¬ 
tential  of  NOB. 

It  may  be  concluded  that  the  presence  of  cobalt  in  the  crystal 
lattice  of  NiOOH  prevents  Ni3+  from  discharge  up  to  a  certain 
potential. 

About  the  Bame  conclusions  as  to  the  process  of  self-discharge 
of  NOB  can  be  drawn  from  the  results  of  infra-red  spectroscopic 
investigations  of  the  substances. 

Thus,  the  investigations  provide  for  the  conclusion  that  nickel 
ions  surrounding  cobalt  in  the  crystal  lattice  are  more  firmly 


retained  in  "3+"  oxidation  state  in  the  presence  of  cobalt  vs. its 
absence. 

This  results  in  the  following:  lower  redox  potential  of  Ni-5 
lii^+  transition,  higher  content  of  Ni3+  in  the  discharged  AM, 
higher  AM  conductivity. 

These  circumstances  has  differently  affect  such  vital  parame¬ 
ters  of  NOS  as  self-discharge  and  AM  utilization  factor  during 
discharge  in  dependence  on  the  content  and  distribution  of  cobalt 
in  the  crystal  lattice  of  hydroxide. 

Uniform  introduction  of  Co  to  AM  (e.g.,  by  codeposition  of  hyd¬ 
roxides)  shall  facilitate  retardation  of  self-discharge  of  a  NOE 
to  the  extent  which  is  the  greater  the  higher  is  Co  content. 

At  the  same  time  uniform  distribution  of  cobalt  in  AM  is  of 
little  effect  on  the  AM  utilization  factor  (^  )• 

Uniform  introduction  of  small  amounts  of  cobalt  may  result  in 
the  increase  of  average  AM  conductivity  due  to  a  higher  ratio  of 
metal  ion3  in  "3+"  state  of  oxidation.  This  is  confirmed  by  ex¬ 
perimental  data  given  in5.  , 

It  is  obvious,  that  retaining  part  of  nickel  in  NiJ  state,  co¬ 
balt  prevents  a  certain  amount  of  AM  from  taking  part  in  the  main 
current -forming  process.  Therefore,  the  increase  of  C6  content 
in  AM  in  excess  of  certain  limits  will  result  in  reduction,  h.  , 
and  the  relationship  between  the  capacity  of  the  electrode  and  Co 
content  in  it  shall  be  of  exteeme  type,  what  is  evidenced  by°. 

With  regard  to  the  above  mechanism,  non-uniform  cobalt  distri¬ 
bution  on  the  surface  and  into  the  depth  of  the  grain  should  be 
considered  optimal.  Cobalt  content  should  be  the  highest  in  the 
area  of  contact  with  the  current  lead,  as  the  process  of  exhaus¬ 
tion  of  electric  conductivity  is  the  fastest  here.  Cobalt  content 
should  decrease  with  grain  depth  according  to  the  nearly-exponen- 
tial  law  that  expresses  variation  of  field  strength  in  a  grain3. 
This  type  of  cobalt  distribution  in  the  AM  provides  for  compen¬ 
sation  of  unequal  accessibility  of  different  grain  regions  for 
electric  field  and  fer  optinam  usage  of  the  stored  electrochemi¬ 
cal  capacity.  Cobalt  consumption  can  be  also  minimized. 
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Characterization  of  NiCo^O^  spinels  for  evolution 
in  alkaline  electrolyte 

J.  Haenen,  W.  Visscher  and  E.  Barendrecht 

Laboratory  foe  Electrochemistry,  Department  of  Chemistry 
Eindhoven  University  of  Technology 
P.0.  Box  513,  5600  MB  Eindhoven,  The  Netherlands. 

HiCo^O^  spinel  oxide,  prepared  by  thermal  decc npos i t ion  of  metal  salts  is 

a  very  promising  anode  material  [1],  It  was  found  that  mainly  the  top 

surface  of  the  NiCo  0  electrode  is  electrochemically  active.  The  surface 
2  4 

morphology  and  composition  of  the  freshly  prepared  NiCo  0  layer  were 

Z  4 

found  to  depend  on  the  thermal  treatment,  particularly  on  the  temperature  of 

the  final  heat  treatment  T  :  the  increase  in  activity  with  decreasing  T 

F  P 

was  correlated  with  the  increase  in  surface  area  and  the  change  in  surface 

composition.  The  kinetics  of  the  oxygen  evolution  reaction  were  examined  with 

galvanostat ic  steady-state  measurements  in  the  temperature  range  of  10  to 

80*C,  and  in  the  electrolyte  concentration  range  of  0.1  to  7.0  M  KOH.  The 

Tafel  plots  can  be  divided  in  two  regions:  one  with  a  Tafel  slope  of  40  mV. 

i.e.  2  RT/3  P,  for  n  <  280  mV  and  a  range  of  Tafel  slope  values  from  70  to 

100  mV  at  higher  overpotentials,  i.e.  >  280  mV,  which  was  assumed  to  be 

2  RT/r.  For  the  different  potential  regions,  the  kinetic  behaviour  can  be 

explained  by  a  reaction  mechanism,  by  which  either  a  shift  in  active  site 

takes  place  from  di-  to  trivalent  sites,  or  by  which  the  valence  state  (triva- 

lent)  does  not  change,  but  a  shift  from  low  coverages,  i.e..  0  -*  0,  to 

TGH 

high  coverages,  i.e.  0  -»  1 ,  occurs. 

TOH 

The  NiCo^O^  catalyst  was  investigated  with  cyclic  voltammetry  in  order  to 
elucidate  the  elec troc ataly t ic  activity  and  the  ageing  phenomena. 

In  the  potential  range  before  oxygen  evolution  starts,  the  voltammogram  of  a 
freshly  prepared  NiCo^C^  electrodu  exhibits  two  anodic  oxidation  peaks,  as 
shown  in  figure  1,  representing  one-electron-transf or  surface  redox  reactions. 
The  voltammetric  response  of  a  fresh  NiCo^O^  electrode  is  not  only  influ¬ 
enced  by  the  lower  and  upper  switching  potential  of  the  scan  range,  but  also 
in  a  different  way  by  potentiostatic  or  potent iodynamic  treatment.  With  pro¬ 
longed  oxidation  a  single  peak  voltammogram  was  obtained,  as  shown  in 
figure  2.  This  is  considered  to  be  an  ageing  phenomenon  which  was  interpreted 
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in  terns  of  partial  decomposition  of  the  NiCo^O^  surface  layer. 

On  the  basis  of  the  results  of  electrochemical  and  non-electrochemical  techni¬ 
ques,  the  following  general  cation  distribution  was  proposed: 

Co2*Co?+  [Ni2V+  Co^JO2- 

*  l-xl  y  1-y  1.0J  4+z 

with  two  valence  states  on  the  sublattices,  and  the  possibility  of  excess 
oxygen  to  maintain  the  electroneutrality;  x,  y  and  z  are  related  through 
z  »  ( x-y/2) . 

Furthermore,  the  electrochemical  formation  of  oxides  on  nickel-cobalt  alloys 
was  investigated  with  cyclic  voltammetry,  kinetic  analysis  and  ellipsometry . 

It  was  found  that  the  electrocataly t ic  behaviour  of  the  Ni^Co^-alloy  chan¬ 
ges  with  the  pretreatment.  At  a  freshly  polished  Ni^Co^-alloy ,  a  Tafel 
slope  of  about  40  mV  and  a  decrease  of  the  overpotential  is  found  after  poten- 
tiodynamic  cycling,  whereas  after  preanodization  a  slope  of  60  mV  and  an  in¬ 
crease  in  ri  is  found. 

the  optical  behaviour  of  a  Ni^Co^-alloy  during  a  potential  scan  from 
-0.075  to  1.425  V  is  given  in  figure  3  in  a  A-ip  graph.  With  increasing 
anodic  potential,  up  to  about  1.25  V,  the  change  of  the  ellipsometric  para¬ 
meters  A  and  is  such  that  a  linear  A-<p  relation  is  obtained.  This 
implies  that  in  this  potential  range,  an  oxide  layer  is  formed,  which  grows 
with  a  constant  refraction  index  N.  Beyond  1.25  V  (at  the  maximum  in  the 
A->p  curve),  the  optical  properties  change,  the  decrease  in  ♦  coincides 
with  the  onset  of  a  further  oxidation  process.  From  curve  fitting,  part  a  of 
figure  3  was  found  to  correspond  to  a  film  layer  with  a  refraction  index 
M  =  2.3  -  0.1  i,  and  part  b  (beyond  1.25  V)  pointed  to  the  formation  of  a 
conductive  oxide  (high  k-value)  on  the  top  of  the  first  layer,  for  which  the 
best  fit  corresponds  to  a  layer  with  N  *  2.9  -  2.1  i. 

yie  two  different  pretreatments  lead  optically  to  the  same  two-layer  film 
model:  only  it  appeared  that  with  cycling  the  first  film  continuously  grows, 
whereas  with  preanodization  a  limiting  thickness  of  about  75  A  is  reached.  The 
difference  in  kinetic  behaviour  was  explained  by  assuming  that  either  spinel¬ 
like  oxides  are  formed  on  the  Ni^Co^-alloy,  or  that,  depending  on  the 
pretreatment,  the  alloy  electrode  behaves  predominantly  as  a  nickel  or  as  a 
cobalt  electrode. 

[1]  J.G.D.  Haenen,  W.  Visscher  and  E.  Barendrecht,  J.  Appl.  Electrochem. 

15,  29  (1985). 
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FIG.  1 


Figure  1:  Cyclic  voltajnaogram  of  a  freshly  prepared  MICo  O  electrode  in 
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5  (f  KOH,  25*C  at  a  scan  rate  of  25  mV  s 
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Figure  2:  Cyclic  voltammogram  of  a  fresh  HiCo  0  electrode  previously 

‘  4  -2 

subjected  to  oxygen  evolution;  after  15  h  500  mA  cm  ;  5  H  KOH, 
25*C ;  scan  rate  25  mV  s  . 


Figure  3: 

Graph  of  ^  versus  A 


of  a  Hi. Co  -alloy 
12 


during  a  potential  sweep 
from  -0.075  to  1.425  V 


in  5  M  KOH,  25*C;  scan 
rate  20  mV  s-1. 


numbers  along  the  curve 
refer  to  potential 
values.  Solid  and  dashed 
curves:  fitting  curves. 
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ELECTROCHEMICAL  OXIDATION  OF  SULPHIDE  ION  IN  WATER  CONTAINING 
SURFACTANTS. 

F.  CASTANEDA*,  E.  PE2R0N  and  V.  PLICHON 

Laboratoire  de  Chimie  Inorganique  et  Elect rochimie ,  ESPCI , 

10  rue  Vauquelin,  75231  PARIS  CEDEX  05  (FRANCE). 


Electrochemical  oxidation  of  sodium  sulphide  in  wa¬ 
ter  at  pH  8  is  performed  in  the  presence  of  cationic  (CTAB, 
cetyl-trimethyl  ammonium  bromide),  neutral  (NP  10,  NP  20  poly¬ 
oxyethylene  nonylphenylether  ) ,  and  anionic  ( SDS  sodium  dode- 
cyl  sulphate,  sodium  oleate)  surfactants. 

Voltammetric  curves  are  improved  but  the  electrode 
passivation  by  sulphur  deposit  gets  suppressed  only  with  com¬ 
bining  the  effect  of  the  cationic  surfactant  and  a  temperature 
increase  :  diffusion  limited  plateaus  are  then  obtained  and 
molecular  sulphur  recovered  by  electrolysis  (Table  I). 


Patio  of  the  vol  t  amreet  r  ic  current  iD  to  the  theoncal  diffu- 
»ion  value  iD  of  a  lO  M  sodium  sulphide  solution  at  pH  8  in  the 
presence  of  surfactants  (rotating  glassy  carbone  electrode,  0.5  N 
potassium  phosphate  buffer). 


C  '»  ''MC) 

22°C 

80*C 

nonr 

0.03 

0.12 

0.12* 

0.18* 

oleate 

* 

0.06 

SDS 

0.02 

0.06 

NP  lO 

0.03 

0.26 

NT  20 

0.09 

0.50 

CTAR 

0.13 

•3.0  30  M  '.odium  sulphide  solution  normalized  to  10_>  h. 

EFFECT  OF  CTAB  CONCENTRATION 

The  most  effective  surfactant,  CTAB,  was  studied 
with  more  details.  For  CTAB  <  6.10"  M  at  room  temperature, 
the  sulphide  peak  is  cathodically  shifted  and  its  height  in¬ 
creased  with  the  surfactant  concentration  (fig  1).  Above 
6.10-5  m,  the  peak  current  generally  slightly  decreases,  then 

*  ScfioTar ship  o?  tfie  Mi’xican'Gover nmen t  (CONACyT) 
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remains  alike  with  higher  CTAB  concentration. 


Fig  .1.  V»n*t  ion  of  tho  p*«k  current  density  i  vs.  CTAB  conc»n. 
tretion  at  22"C  (••••!  and  SO*C  (oooo).P 

Effect  of  CTAB  is  quite  different  at  80°C.  For  low  con¬ 
centration  (typically  10"3  M),  a  peak  or  sometimes  a  pseudo¬ 
plateau  is  still  present  in  4  10” 3  M  sulphide  solution,  but 
its  current  almost  reaches  the  diffusion  current  ip  for  a  two- 
electrons  process. 

-  4  -  3 

At  fairly  high  CTAB  concentration  (10  -5  10  M),  one 

observes  a  genuine  diffusion  plateau  (curve  4,  fig.  2)  decrea¬ 
ses  as  the  CTAB  concentration  is  raised,  with  a  slope  of  46  mV 
for  the  E  vs  log  (i/ie  -  i)  plots.  It  appears  that  at  the  time 
scale  of  the  voltammetry  a  polysulphide  and  not  sulphur  is  ob¬ 
tained  at  high  CTAB  concentration.  At  the  longer  time  scale  of 
control led-potential  electrolysis  however,  2  e~/S^~  are  easily 
consumed  and  colloidal  sulphur  is  recovered  by  extraction  by 
chioraforn  from  the  uncoloured  solution. 


Fig  .2.  Current -potent is  1  curves  of  •  4ulO_3H  NSjS  solution 
pH  6  And  90* C  In  pr**«nc*  of  CTAB. 

^CTAB*  °  1.2irlO'S*  (2);  JxlO-5M  (3);  1.1*10“  (4); 

(rotating  glassy  carbon*  disk,  potential  scan  rat#  tmVt"1 ) . 
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DISCUSSION 

Oxidation  of  sulphide  has  been  explained  (1,2,3)  by  a  me¬ 
chanism  in  which  the  primary  step  always  leads  to  sulphur  which 
may  then  react  on  the  sulphide  which  diffuses  towards  the  elec¬ 
trode?  to  give  a  polysulphide  : 

S2~  .  2  e‘  - ►  S  (1)  ;  S2_  +  (x  -  1)S  - ►  S2"  (2) 

If  reaction  (1)  is  slow  and  the  sulphur  insoluble,  a 
layer  of  non  conductive  sulphur  appears  at  the  electrode  surfa¬ 
ce  and  passivation  occurs.  This  is  observed  in  neutral  water  at 
room  temperature. 

Effect  of  surfactants  will  be  discussed  from  several  ex¬ 
planations.  The  first  one  supposes  dissolution  of  sulphur  into 
CTAB  micelles  which  are  certainly  present  in  most  of  our  solu¬ 
tions.  A  second  one  considers  that  adsorption  at  the  electrode 
surface  prevents  sulphur  deposit  to  be  formed. 

Effect  of  temperature  is  explained  by  an  increase  in  the 
rate  of  reaction  (2)  which  occurs  whatever  the  surfactant  and 
results  in  a  partial  depassivation  of  the  electrode.  Electroly¬ 
sis  can  be  performed  ua  to  the  highest  polysulphide  stable  in 
the  medium,  probably  sf-  at  pH  8 .  Then  the  electrolysis  stops 
unless  CTAB  is  present.  When  reaction  (2)  becomes  fast  at  the 
v  oltammetry  time  scale, -the  electrode  "secs”  the  total  reaction 

xS2~  -  2(x  -  l)e“  - *-  S*  which  corresponds  to  less  than 

2  e/S2'. 
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NEW  DATA  ON  THE  DYNAMIC  BEHAVIOUR  OF  THE  PASSIVE  FILM  ON  IRON 
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Introduct ion 


During  the  last  ten  years  passivity  studies  have  been  performed  mainly 
by  m^ans  of  in-situ  optical  techniques  and  non  in-oitu  surface  spectrosco¬ 
pies  .Most  of  these  contributions  dealt  with  neutral  weakly  agressive  media 
(boric-borate  buffered  solutions).  During  the  same  period  no  serious 
advantage  was  taken  from  the  advances  in  non  steady  state  electrochemical 
techniques  such  as  complex  impedance  measurement  at  very  low  frequencies  by 
correlation  or  FFT  signal  processing.  This  lecture  will  report  the  results 
recently  obtained  in  our  group  by  applying  these  techniques  to  iron  passi¬ 
vity  in  various  acidic  media.  The  use  of  impedance  measurements  was  essen¬ 
tially  aimed  at  separating  the  transport  properties  of  the  passive  film, 
the  charge  transfer  at  the  film  boundaries  and  the  growth  kinetics.  Ore  of 
the  main  point  being  the  identification  of  the  process  controlling  the 
electrode  polarization  in  the  passive  range.  In  addition  to  electrochemical 
impedance,  .lectrohydrodynamical  (EHD)  impedances  “  were  introduced  for  the 
l.'..t  time  in  passivity  studies. 

■lx  per  imental 

A  Solrrtron  equipment  (TEA  1/50  and  electrochemical  interface  1186) 
was  used.  FFT  techniques  (HP  5451C)  was  restricted  to  the  very  low  frequen¬ 
cy  part  of  the  .spectrum  (f  <  0.01  Hz).  Modulation  of  the  angular  velocity 
of  the  disc  electrode  (EHD)  was  performed  with  a  fast  response  mechanical 
feed-back. 

Results 

A  typical  shape  of  the  impedance  diagram  of  passive  iron  is  shown  in 
rig.  1. 

Transport  mechanism  in  the  film  sustaining  the  passive  current  Ip  was 
analysed  from  the  potential  dependence  of  Rj^y,  resistance  of  the  film  with 
no  relaxation  of  the  film  thickness.  Results  obtained  for  the  transfer 
parameter  R^ylp  are  s'10wn  in  fig.  2,  establ  ishing  a  similarity  of  behaviour 
among  all  the  electrolytes  investigated.  All  the  parallel  straight  lines 
would  overlap  perfectly  if  their  potential  scale  were  recalibrated  on  the 
Fladc  potential  relative  to  each  medium.  From  Fig.  2  it  was  inferred  that 
rHF  consists  of  an  interface  component  (RHy  at  the  Flade  potential)  plus  a 
film  bulk  contribution  (high  field  transport).  A  3.5  nm.V-'  film  thickness 
is  deduced  in  good  agreement  with  literature  data. 


A-A.-, 
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The  occurrence  of  a  pure  capacitance  T  in  the  millihertz  range  is 
tightly  connected  with  the  infinite  polarization  resistance  (passivity  pla¬ 
teau)  exhibited  by  the  system.  It  rules  out  any  diffusion  controlled  and 
reflects  the  relaxation  of  film  thickness  with  the  potential.  However  the  T 
value  (order  of  30  mF.cm~~)  is  by  one  order  of  magnitude  greater  than  the 
value  predicted  from  the  faradaic  charge  stored  in  the  passive  film.  This 
result  is  consistent  with  the  existence  of  a  notable  dissolution  component 
in  the  transient  response  of  the  passive  film 

Classically,  redox  reactions  provide  information  on  the  film  ability  to 
support  electron  transfer.  The  use  of  hydrodynamical  perturbations  gave  a 
new  insight  into  the  control  of  redox  kinetics  in  an  outer  region  of  the 
film,  strongly  influenced  by  the  electrolyte  composition.  Fig.  3  shows  the 
reciprocal  Levich  plot  (I“'/i)-1'^)  for  the  ferro  to  ferricyanide  oxydation 
on  a  passive  iron  surface  in  the  three  acidic  media  investigated.  A  fast 
reaction  with  pure  diffusion  control  is  found  in  HC104,  a  mixed  kinetics  is 
observed  in  H3PO4,  HtSO/,  lying  in  the  midrange.  EKD  data  (Bode-plane)  pre¬ 
sented  in  Fig.  4  allowed  to  establish  that  the  passive  film  in  HCIO4  behaves 
classically  as  a  platinum  disc  (diffusion  layer  in  the  liquid  phase).  In 
contrast,  H2SO4  and  even  more  clearly  H3PO4  reveal  a  more  complicated  EHO 
pattern  thus  indicating  the  existence  of  a  diffusion  control  in  a  surface 
region  of  the  passive  film  undergoing  a  specific  alteration  by  the  modula¬ 
tion  of  the  rotation  speed  ** . 

Conclusion 

The  resulting  picture  of  the  passive  film  on  iron  in  acidic  media  is 
that  of  a  two-layer  structure  ^  ;  an  inner  region  practically  independent  of 
the  electrolyte  composition  in  which  the  electric  field  is  located,  an 
outer  part  accomodating  the  composition  effects  in  which  most  of  the  film 
interactions  with  the  surrounding  electrolyte  take  place.  A  serious  simila¬ 
rity  with  tno  surface  properties  of  iron  oxides  colloidal  particles  is 
emphasized,  lhis  idea  is  also  strongly  supported  by  the  behavioural  sequence: 
perchlorate-sulfate-phosphonate ,  found  in  the  present  work  and  the  increa¬ 
sing  adsorbability  of  these  anions  on  iron  oxides  in  their  colloidal  state. 
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fig.t  .  Complai  Impedance  diagram:  (a)  Fe/IM  H,PO«,  37°C,  £  = 
0  65V,  (b)  Fe/IM  H.SO,,  25’C,  f  =  0.35V. 
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FREQUENCY  RESPONSE  TO  A  MODULATED  FLOW 
AT  PARTIALLY  BLOCKED  ELECTRODES 

C.  DESLOUIS ,  M.  KEDDAM,  M.  KRARTI  and  B.  TRIBOLLET 
LP  15  du  CNRS  "Physique  des  Liquides  et  Electrochimie" , 
Universite  Pierre  et  Marie  Curie,  Tour  22, 

4  Place  Jussieu,  75230  PARIS  Cedex  05,  FRANCE 


For  a  rapid  redox  system  on  an  uniform  accessible  electrode,  the  fre¬ 
quency  response  to  a  ^inusoidal  speed  modulation  at  a  rotating  disk  elec¬ 
trode  is  well-known'1  *  .  In  this  paper,  we  consider  the  case  where  the 
overall  electrochemical  behaviour  of  solid  electrodes  depends  on  the  space 
-and  possibly  time-  dependent  distribution  of  the  heterogeneous  kinetics 
with,  as  a  limit  case,  a  set  of  active  and  blocked  sites.  This  heterogene¬ 
ous  reactivity  influences  also  the  mass  transport  phenomena  by  the  boundary 
conditions  imposed  to  the  wall  fluxes  and  concentrations. 

As  a  first  step  toward  the  partially  blocked  electrodes,  we  had  consi¬ 
dered  theoretically  the  frequency  response  to  a  modulated  flow  for  a  single 
microelectrode  of  diameter  d  located  at  a  distance  R  from  the  rotation 
axis*.  All  normalized  impedance  diagrams  may  be  reduced  by  using  the  dimen¬ 
sionless  frequency  p  Sc ' ^  (d/R)^'\  the  transition  between  one  active  site 
to  n  active  sites  is  not  easy  on  the  theoretical  point  of  view  (due  to  the 
mutal  interactions),  and  so  we  cannot  use  the  same  procedure  for  the  nume¬ 
rical  calculation  of  the  frequency  response  on  n  active  sites. 

If  we  consider  the  case  of  an  heterogeneous  reactivity  where  the 
overall  steady  state  mass  transfer  is  not  very  modified  by  comparison  with 
that  of  an  uniform  accessible  electrode,  then  the  diffusion  boundary  layer 
thickness  is  not  very  modified,  and  the  concentration  field  over  one  active 
site  may  be  described  as  the  concentration  field  over  a  microelectrode 
which  is  mounted  fiush  with  the  disk  electrode  and  insulated  from  it  by  a 
gap.  This  concentration  is  governed  by  the  unsteady  equation  of  convective 
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where  vz  is  the  normal  velocity  component  and  vx  the  tangential  velocity 
component  (v}.  =  /  vj?  +  v,  ).  This  problem  can  be  solved  numerically  by 
using  the  Newman's  method  (figure  1). 

In  the  low  frequency  range,  the  frequency  response  corresponds  to  that 
of  the  rotating  disk  electrode  and,  in  the  high  frequency  range,  the  fre¬ 
quency  response  corresponds  to  that  of  an  isolated  microelectrode.  The 
translation  between  the  two  HF  asymptotes  (disk  and  isolated  microelectro¬ 
de)  is  equal  to  (0.8  R/0.51  d)^/3  and  independant  of  the  gap  value  (see 
figure  1).  The  gap  value  affects  only  the  transition  between  the  two  limi¬ 


ting  curves. 


Experimental 

.  At  first,  a  grid  is  used  in  order  to  modelize  a  partially  blocked 
electrode.  The  relevant  amplitude  variation  has  been  plotted  on  figure  2. 
The  curve  exhibits  two  clearly  separated  domains  according  to  the  frequency 
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range.  The  translation  value  between  the  HF  asymptote  and  the  HF  theoretical 
disk  asymptote  provides  therefore  an  estimate  size  of  the  active  site 
(d  -  40  u  )  which  corresponds  to  the  order  of  magnitude  for  the  average  value 
of  the  active  part  of  the  grid. 

.  The  reduction  of  Fe  ++  (0.5M)  in  l^SO^  (1M)  on  a  rotating  disk  elec¬ 
trode  made  of  carbon  (0  ■  0.3cm)  has  been  taken  as  an  example  of  heterogene¬ 
ous  kinetics.  The  amplitude  variation  shows  the  L.F.  part  and  the  beginning 
of  the  transition  (figure  3A) ,  and  the  phase  shift  variation  exhibits  the 
two  domains  (figure  33)  and  from  the  translation  between  the  two  curves  we 
can  deduce  the  approximate  value  of  d  (  =  6 um) . 
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Figure  1  :  Numerical  calculation  of  the  EHD  impedance  for  a  microelectrcde 
inserted  in  an  active  disk.  The  two  limiting  cases  :  disk  electrode  and 
isolated  tnic roe lec t rode  are  in  dashed  line. 
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Ir02  and  RuC2  are  the  most  active  components  of  industrial  anodes  (DSA  * 
Dimensionally  Stable  Ar.cdes)  used  for  Ci2  production,  metal  electrowinning, 
water  and  sea-water  electrolysis  etc1.  More  specifically,  Ir02  *  Ru0:  mixed 
oxide  electrodes  have  been  used  as  anodes  for  oxygen  evolution  from  acid  me¬ 
dia  -  for  instance,  DFE  (=  Solid  Polymer  Electrolyte)  cells'-  -  because  of 
the  higher  stability  compared  to  Ru02  alone,  or  to  mixed  RuC2  +  Ti02  oxides. 
Long-term  performances  are  improved  by  the  addition  of  Sn02J.  Despite  the 
interest  in  these  oxides,  exhaustive  investigations  of  the  surface  and  elec- 
trocataiytic  properties  of  mixed  Ir02  *■  Ru02  oxides  have  not  yet  been  carried 
out.  Preliminary  results  of  the  measurement  of  the  point  of  zero  charge  of 
?iiO;-rieh  samples  have  been  published  recently”.  This  work  has  been  undertaken 
with  the  aim  at  filling  this  gap,  more  specifically  the  purpose  has  been  to 
elucidate  the  surface  behaviour  as  a  function  of  composition. 

?u02  +  Ir02  layers  or.  Ti  were  prepared  by  thermal  decomposition  of  aqueous 
solutions  of  RuClj  +  IrCl3  in  the  required  mole  ratio.  The  temperature  cf 
decomposition  was  UCO  °C  and  the  nominal  thickness  ca.  1  ue  at  any  composi¬ 
tion  (from  about. Q.t  to  1.2  mg  cm-2).  The  support  was  a  1  *  1  or  thin,  elate 
: f  .  Electrodes  verc  prepared  at  10  mcl(»  interval  from  pure  RuC2  to  pure 
IrC2  included.  Three  samples  were  prepared  at  the  same  time  in  the  same  fur¬ 
nace:  two  of  them  were  used  for  ir.-situ  electrochemical  measurements  ar.d  tr.e 
other  two  for  analysis  by  ex-situ  vacuum  techniques  (AES  ar.d  XFS). 

Th"  electrochemical  characterization  cf  the  surface  was  carried  out  by  means 
of  voltammetric  curves  between  0.L  and  l.U  V(RRE)  both  in  0.5  mol  dm  r.2S0(, 
ar.d  1  mol  dm-’  KOK  solutions  at  20  mV  s-1.  The  charge  ( q* )  obtained  by  inte¬ 
gration  of  the  voltammetric  curves  is  plotted  in  Fig.  1  as  a  function  cf  the 
nominal  bulk  composition,  a*  is  lew  for  the  pure  '-xides  ar.d  goes  through  a 
maximum  at  about  70  ir.cl#  Pu02  .  This  probably  indicates  that  very  fine  crystal¬ 
lites  are  formed  because  P.uO,.  and  Ir0;  remain  practically  separated,  .reve 
is  evidence  from  the  X-ray  analysis  for  a  possible  phase  mixture  formation, 
although  the  low  crystallinity  of  the  layer  prevents  any  more  quantitative 
analysis  to  e  carried  out. 
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AES  experiments  showed  that  the  surface  is  heavily  contamined  by  carbon 
which  could  not  be  removed  even  after  prolonged  Ar  ion  bombardment.  As  a  re¬ 
sult  no  adequate  symmetrical  peak  of  Ru  at  272  eV  was  obtainable.  Therefore, 
the  surface  quantitative  analysis  was  carried  out  by  XPS.  It  is  interesting 
that  the  symmetry  factor  of  the  272  eV  Ru  Auger  peak  and  the  d5/,  vs  dj/2 
XPS  ratio  for  Ru  depends  on  the  coating  composition;  they  appear  to  approach 
the  literature  values  as  the  Ir02  content  vanishes. 

Fig.  2  shows  a  plot  of  the  surface  vs  bulk  composition  of  the  coatings.  It 
can  be  seen  that  the  surface  is  enriched  with  Tr.  which  is  in  agreement  with  the 
result  of  Hutchings  et  al5  despite  the  different  preparation  procedures.  Evi¬ 
dence  has  also  been  found  for  the  presence  of  a  small  amount  of  Ti  at  the 
surface  which  car.  come  from  the  support  during  the  preparation. 

Surface  analysis  can  also  be  attempted  in-situ  by  resting  on  some  features 
of  the  voltammetric  curves  which  are  associated  with  the  pure  oxides.  Also 
this  approach  indicates  that  the  surface  is  enriched  with  IrCj.  The  XPS  analysis 
has  also  shown  that  the  Ir  content  increases  after  the  electrodes  have  teen 
used  for  oxygen  evolution  experiments.  Therefore,  Ru  is  probably  selectively 
dissolved  at  the  surface  while  4  .e  stability  of  Ir02  towards  anodic  polariza¬ 
tion  is  higher. 

Voltammetric  curves  also  show  that' these  coatings  are  permeable  to  protons 
probably  through  a  grain  boundary  diffusion  mechanism  as  observed  with  pure 
RuOj  layers. 
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To  analyse  the  problems  of  the  passive  layer  formation  and 
reduction  kinetics,  detailed  knowledge  of  the  semiconductor 
properties  of  these  layers  is  necessary.  A  suitable  method  to 
evaluate  kinetic  models  is  the  determination  of  the  potential 
dependence  of  capacity  followed  by  a  Mo t t - S c ho t t ky  analysis. 
The  solid  state  properties  of  these  layers  change  very  fast 
during  the  initial  steps  of  formation  and  during  reduction 
because  these  layers  are  far  from  equilibrium  state.  Up  till 
now,  Mo tt-Scho ttky  measurements  could  be  carried  out  within 
some  ten  seconds  only.  The  method  presented  here  allows  to 
shorten  this  time  by  up  to  5  orders  of  magnitude.  Moreover, 
the  short  pulse  measurement  corresponding  to  50  kHz  overcome 
the  problems  of  the  increase  of  C  at  low  frequencies. 

Convenient  methods  to  measure  the  potential  dependence  of 
capacity  in  a  time  range  starting  at  some  microseconds  are 
po tent  ios tat  1c  pulse  measurements.  Principles  are  shown  in 
fig.  1.  During  po t e n t i o s t a t  lc  or  po t e n t i o dyn am i c  polarisation 
short  rectangular  pulses  with  a  small  amplitude  aU  are 
superimposed.  The  capacitive  charge  Aq  is  obtained  f r on 
s  \  n  •  1  t  •  ••  ‘Ou  s  integrat  on  of  the  current  i: 
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Using  a  fast  potentlostat  a  pulse  length  of  20  fis  and  pulse 
amplitudes  of  20-50  mV  are  adequate.  Such  pulses  do  not 
Influence  formation  and  reduction  kinetics  and  allow  up  to 
10  measurements  within  1  ms. 

A  block  diagram  of  the  circuit  is  shown  in  fig.  2.  Integration 
was  done  by  fast  operational  amplifiers  because  of  the 
necessary  bandwidth  of  10  MHz.  To  avoid  the  Interference  with 
faradayic  components  of  the  current,  a  special  active  filter 
network  was  added.  Pulse  control,  digitizing  of  the  integral 
and  the  calculation  of  capacity  data  was  done  by  a  DEC  LSI 
11/23  laboratory  computer. 


Fig.  2 

Block  diagram 
of  circuit 


Measurements  of  the  potential  dependence  were  realised  by 
synthesis  of  a  staircase  pulse.  Every  step  represents  a 
measuring  potential.  The  capacity  was  obtained  by 
superimposing  an  additional  pulse  (fig.  3).  To  avoid 
distortions  of  the  layer  the  duration  of  the  whole  pulse 
complex  must  be  shorter  than  1  ms.  Thl3  allows  experiments 
even  at  potentials  where  the  layer  is  not  stable,  e.g.  some 
hundred  millivolts  below  the  reduction  potential. 


Fig-  3 

Pulse  complex  to  measure 
the  potential  dependence 
of  capacity. 
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Some  experimental  results  using  this  method  are  shown  in 
fig.  4a.  An  iron  electrode  was  po t e n t io s t a t ic a  1 ly  polarised  at 
1.5  V  vs.  hydrogen  electrode  in  sane  solution  (HESS)  with 
simultaneous  capacity  measurements  at  1  ms,  10  ns,  etc.  up  to 
1000  s  from  .6  V  to  1.5  V.  During  this  period  of  tine,  the 
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oxide  film  grows  continuously  to  about  3  nra  (1  ks)  .  Fig.  4b 
shows  the  results  in  a  tentative  Mu t t -S cho t t ky -pi o t .  For 
1  ms,  the  capacity  is  very  large  and  independent  of 
potential  which  means  a  highly  disordered  oxide  film  with  a 
large  dielectric  constant.  With  increasing  polarization  time 
the  capacity  decreases  at  high  potentials.  The  potential 
dependence  is  typical  for  an  n-type  semiconductor.  From 
fig.  4b,  we  would  obtain  a  large  donor  concentration 
N  -  2,10iocnT*  for  tp>«  1  s.  These  measu  aments  demonstrate 
that  the  semiconducting  properties  of  the  passive  film 
develop  not  immediately,  but  after  1  s  only.  Similar 
observations  were  made  for  the  development  of  transpassivity 


Fig.  4a 

Potential  and  time 
dependent  capacities 
measured  during  one 
po ten t ios t at ic  pulse 
of  1.5  V  (HESS)  and 
1000  s. 
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Fig .  4b 

Mo t t -S cho t t ky  plot, 
values  taken  from 
fig.  4a  . 
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THE  EQUIVALENT  CIRCUIT  DIAGRAM  OF  OXIDE  FILMS  WITH  A  LIMITED  POTENTIAL  DROP 

M.  M.  LOliRENGEL,  J.  W.  SCHULTZE,  H.  D.  SPECKMANN 
Institut  fur  Physikalische  Chemie  II  der  Universitat  Diisseldorf 
Universitatsstralle  1,  4000  Diisseldorf 


Conventional  equivalent  circuit  diagrams  (fig.  la)  are  insufficient  for 
impedance  analysis  of  semiconducting  oxide  films  e.  g.  passive  copper. 
Passive  copper  consists  of  semiconducting  films  of  CU2O  and  CuO  and  shows  a 
strong  potential  dependence  of  capacity  (fig.  2,  full  line).  The 
conventional  equivalent  circuit  (fig.  la)  shows  no  potential  dependence 
(fig.  2,  dotted  line).  The  rate  determining  process  of  oxide  growth  is  a 
field  dependent  ionic  migration.  From  experimental  data  we  concluded  that 
the  potential  drops  in  the  films  increase  with  £  up  to  a  limiting  potential 
only.  A  corresponding  potential  drop  /  electrode  potential  diagram  is 
qualitatively  shown  in  fig.  3  by  the  dashed  lines.  The  potential  drops  are 
limited  for  £>0.8  V  in  the  Cu^O  film  and  for  £>1.3  V  in  the  CuO  film. 

At  higher  potentials  (transpassive  region)  an  increasing  number  of  holes  is 
accumulated  at  the  oxide  surface  and  the  potential  drop  at  the  Helmholtz 
layer  increases. 

Cox.t  Cox.2  Ch 

Fig.  1:  Equivalent  circuit 
diagrams  of  passive  copper 

a)  conventional  type 

b)  modified  type  using  diodes 
to  simulate  the  limited 
potential  drops  in  the  films. 
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The  diode  is  a  simple  electronic  component  equivalent  to  the  oxide  film 
reaching  the  inversion  region.  At  low  potentials  the  resistance  of  the 
diode  is  high,  but  at  higher  voltages  the  voltage  drop  is  limited  to  the 
threshold  voltage.  Therefore,  an  equivalent  circuit  diagram  using  diodes 


(fig.  lb)  should  behave  like  oxide  layers  on  copper  .  The  aim  to  design  such 
a  circuit  is  to  show  the  validity  of  the  model  rather  tnan  to  produce  a 
perfect  image  of  the  electronic  properties  of  a  passive  electrode. 

Each  of  the  oxide  layers  are  represented  by  a  capacitor,  a  diode,  and,  if 
necessary,  a  resistance  in  parallel.  The  capacitor  represents  the  capacity 
of  the  ox'de  film,  taken  ns  a  pure  dielectric  medium.  The  diode  and  the 
ronistance  in  parallel  simulate  the  ionic  and  electronic  conductivity  of  the 
'  ■.ice.  T.  real ice  thu  different  electronic  properties  of  the  oxide  layers  in 
luplex  fiinr,  diff (.‘.rent  resistors  in  parallel  can  be  used. 


Fig.  2:  The  capacity  ol  a 
passive  copper  electrode 
(full  line)  it,  dependence  on 
the  potential  and  of  the 
conventional  (dotted  ;ine) 
and  tile  new  equivalent 
circuit  (dashed  line)  in 
dependence  on  the  applied 
vol tage. 


-t.e  f  ip 't.  itors  cl,  C2  and  >  correspond  to  lavers  of  Cu90,  CuO,  and  the 
'!*.  unbolt  /.  layer.  The  threshold  voltage  of  the  diodes  (0T7  V)  is  similar 
>■  !'-e  1  imltcd  potential  Hi  or-  of  ~0.4  V  for  Cu.,0  and  as  O.b  V  for  CuO. 

.  a  ;\:t  ;  t>-  <>r  * '  e  equi  v;  i.-r,.  >.  i*.  t  nit  va-s  'ret1  .tuned  with  a  frequency  of  l 
■  •  ■■  n.‘  >.  •(•••;•  ..v  .  i  d>-p. ace  on  the  over* '  l  .  itential  drop 

■  '  -  'i  n  i  t..  1  tin  u  -theU  i  •.»•<».  t  era.  he  seen  :  ha .  the  capacity 
c.  ov  r-u  ..-r.ti  ,.ls  i  ■  very  ii”v.  it  increases  at  about  u.{>  V  and  a  farther 
i  I’rrMi"  is  observed  at  shout  ’.3  V. 


ihc  expo.  1  mental  rapacity  curve  was  measured  ar  pH  =  12  after  a  r~c'  al 
p  ret  run  tine;- 1 .  Copper  idee  were  formed  by  a  potent  ied  vnamic  sweep  to  1.6 
V  and  i -duevd  to  a  single  (.u-l-oxide  layer  cy  a  cathodic  sweep  to  0.4  V. 
In  • ho  sub  sequent  sweep  ; >.6  V  given  in  Fig.  2,  parts  of  Cu-f-oxiue  are 
converted  to  Cu-11 -oxide,  but  luriher  oxide  growth  ?s  almost  negligible. 
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The  curve  of  an  equivalent  circuit  using  diodes  in  parallel  fits  the 
electrochemical  curve  sufficiently,  while  the  classical  equivalent 
circuit  (dotted  line,  fig.  2)  fails  definitely.  The  strong  increase  of 
capacity  at  potentials  t  >  1.3  V  is  pronounced  and  even  the  step  due  to 
the  oxidation  of  copper-T-oxide  to  copper-II-oxide  at  0.7  V  is  seen. 

The  measured  potential  drops  over  the  capacitors  of  the  equivalent 
circuit  are  shown  in  fig.  3.  It  is  seen  that  the  potential  drop  in  the 
inner  layer  U.  increases  up  to  the  limited  potential  of  about  0.5  V,  then 
a  further  increase  of  the  applied  voltage  causes  a  potential  drop 
across  C2,  and  at  high  potentials  the  increase  of  the  potential  drop 
occurs  r.dinlv  across  C3  and  equals  the  potential  distribution  shown  in 
fig.  3  derived  from  electrochemical  measurements. 


The  model  of  limited  potential  drops  in  the  oxide  layers  is  consistent 
and  the  potential  dependence  of  capacity  of  passive  electrodes  can  be 
simulated  by  an  equivalent  circuit  using  diodes.  Obvious  contradictions 
between  the  classical  equivalent  circuit  diagram  and  the  experimental 
results  are  solved. 


rig.  3 :  The 
potent i a l 

distribution  of  an 
oxide  covered 
copper  electrode 
derived  from  oxide 
growth  measurements 
(dashed  line)  vs. 
the  electrode 
potential  and  of 
various  parts  of 
the  modified 
equivalent  circuit 
vs.  the  applied 
voltage  l'j. 
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PHOTOELECTROCHEMICAL  INVESTIGATIONS  OF 
PASSIVE  FILMS  ON  TITANIUM  ELECTRODES 


K.Leitner,  J.W.Schuit2e 
Institute  of  Physical  Chemistry  (II) 

University  of  Duesseldorf,  4000  Duesseldorf  I,  F.R.G. 

and 

U.Stitnming 

Department  of  Chemical  Engineering  and  Applied  Chemistry, 
Columbia  University,  New  York,  New  York  10027,  U.S.A. 


Introduction 

Passive  films  on  metal  electrodes  are  usually  formed  of  the  corresponding 
metal  oxides  which  show  semiconducting  or  insulating  properties.  For  in-situ 
investigations  of  the  passive  film,  photoelectrochemical  techniques  offer  the 
possibility  of  characterizing  the  passive  film  with  respect  to  its  solid  state 
properties.  In  particular,  the  observation  of  differences  between  the 
behavior  of  passive  films  and  the  corresponding  bulk  oxides  allows  for  a  more 
detailed  analysis.  Recent  work  with  amorphous  oxides  / 1 /  and  model  calcula¬ 
tions  which  were  carried  out  for  the  photoinduced  electron  transfer  in  dis¬ 
ordered  materials  111  demonstrate  that  the  photoelectrochemical  behavior  of 
crystalline  and  amorphous  compounds  is  quite  different  in  various  aspects. 

For  passive  films  on  titanium  a  change  from  the  amorphous  to  crystalline  state 
with  formation  potential  of  the  film  was  found  from  electron  diffraction  / 3 / . 

So  '  I:  seems  interesting  if  such  findings  can  be  correlated  with  photoelectro- 
'-hemieal  data.  Previous  work  on  photoelectrochemical  behavior  of  passivated 
titanium  electrodes  / 4,5/  demonstrated  TiOg  prooerties  of  thick  films, 
however,  breakdown  phenomena  of  the  film  are  also  reflected  in  the  results. 

For  veiy  thin  files  a  strong  influence  of  the  electric  field  in  the  film  and 
band  can  higher  than  in  TiOj  has  been  found  /4/. 

Experiments  were  carried  with  passive  films  of  appr.  5-200  ran  thickness. 
Photocurrer.ts  were  measured  as  a  function  of  the  wavelength  of  the  incident 
light  and  the  electrode  potential.  Aging  effects  on  photocurrent  spectra 
and  the  potential  dependence  were  carried  out  as  well. 

Experimental 

Passive  films  were  formed  in  1M  H2SO1,  at  various  potentials  Uox  ”  4V  to 
105  V.  The  formation  time  was  generally  5  min.;  aging  was  performed  at 
U0X-1V  for  up  to  21h.  Photocurrent  measurements  ..-.Tied  out  in  the  same 

electrolyte  with  a  aonoch.ronatic  light  source  consisting  of  a  450  W  Xe  lamp 
and  a  monochromator.  Spectra  were  recorded  in  the  20C-80n  nc  range;  the 
potential  dependence  of  the  photocurrent  was  measured  between  U  =■  0-1.8  V  (SHE). 
Photocurrer.ts  were  transformed  into  quantum  efficiencies  with  respect  to 
incident  light. 

Results  and  Discussion 

Photocurrent  spectra  are  shown  in  Flg.l  for  various  formation  potentials, 

Uox,  of  the  passive  film.  At  low  l’ox  a  steady  increase  of  the  quantum  effi¬ 
ciency  with  the  photon  energy,  hv,  is  observed.  For  Uox  «  26V  a  shoulder 
develops  at  appr.  4 eV  which  becomes  a  pronounced  peak  at  3.8eV  for  U^x  «  5£v 
For  thick  films  which  are  represented  bv  the  film  formed  at  105  V  this  pv.uk 
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disappears  again.  The  four  examples  shown  in  Fig.l  are  representative  of  four 
different  types  of  behavior.  Please  note  that  the  curves  for  26  and  56  V  are 
enhanced  by  o  factor  of  five.  Over  a  wide  range  of  hv  and  especially  at 
higher  hv,  the  quantum  efficiency,  n,  is  higher  for  thin  films  compared  to 
films  of  intermediate  thickness. 

Typical  quantum  efficiency-potential  curves  are  given  in  fig. 2  for  films 
formed  at  !3  and  105  V.  Thick  films  show  a  limiting  current  for  hv»5.2eV 
while  for  lower  hv  the  quantum  efficiency  still  increases  with  U  up  to  1.8V, 
although  from  1>0.5V  on  the  potential  influence  is  weaker  than  at  low 
potentials.  Thin  films  have  a  much  stronger  potential  dependence.  The  shape 
for  5.2  eV  is  similar  to  chat  at  thicker  films  for  lower  photon  energies.  At 

3.2  eV,  however,  the  potential  dependence  becomes  exponential-like  indicating 
a  strong  influence  of  the  electric  field  in  the  passive  film. 

Aging  of  the  film  was  done  in  the  electrolyte  under  potentiostatic  control, 
-a  general,  photocurrents  increased  upon  aging,  for  longer  times  also  changes 
of  spectral  and  potential  characteristics  are  observed. 

A  detailed  analysis  of  the  absorption  edge  shows  that  band  gap  energies 
which  were  determined  from  (n*hv)‘/2  vs.  hv  plots  has  a  value  of  Eg  of  appr. 

3.3  eV  decreasing  slightly  to  3.2  eV  for  Chick  layers.  This  band'gap  value 

corresponds  to  indirect  transitions  in  crystalline  semiconductors;  linearity 
is  also  observed  with  amorphous  semiconductors,  but  reflects  rather  the 
density  of  state  function  close  to  the  band  edges.  So-called  direct  band  gaps 
which  are  obtained  from  (n*hv)2  vs.  hv  plots  can  not  be  observed  for  films 
formed  at  V  or  less.  For  high  Uox,  Eg  first  decreases  from  3.7  eV  to 

3.5  (at  Uo:.;>=30  V)  and  then  stays  constant  up  to  very  thick  films.  This 
indicates  that  films  formed  below  20V  are  amorphous.  This  assumption  is 

con fit .r ad  by  an  analysis  of  the  potential  dependence  of  the  photocurrent. 

The  strong  potential ■ inf luence  found  for  low  hv  and  thin  films  (see  Fig. 2) 
turn.-  out  to  follow  a  Poote-Frenkel  behavior  which  is  typical  for  amorphous 
semiconductors,  as  well  / 1,2/. 

The  investigations  demonstrate  that  photoelectrochemical  measurements  are 
able  to  determine  important  solid  state  properties  of  passive  films  under 
iu-situ  conditions.  At  the  same  time  it  allows  for  a  distinction  between  the 
ii.morp.ious  and  crystalline  state  of  t:hc  surface  film. 
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INVOLVEMENT  OF  ANIONIC  OXIDE  SPECIES  IN  REACTIONS 
AT  THE  METAL/ SOLUTION  INTERPHASE 

M.B.C.  ROCHE*  and  L.D.  BURKE 
University  College  Cork,  Cork,  Ireland 


Equilibrium  potential/pH  diagrams  -  frequently  referred  to  as  Pourbaix 
diagrams  -  art:  widely  used  as  a  guide1*^  in  many  areas  of 
electrochemistry.  However,  it  was  recently^  pointed  out  that  a  clear 
dist  inct  lea  must  be  made  between  the  behaviour  of  anhydrous  and  hydrous 
oxides.  For  the  latter  it  can  no  longer  be  assumed  that  the  redox 
potential  for  a  reversible  transition  will  always  vary  with  solution  pH  in 
the  conventional  manner  of  59  mV,  l.e.  2.303  RT/F  volts  per  unit  pti.  As 
will  be  shown  later,  for  these  oxides  a  significantly  higher  value  of  about 
88.5  r.V,  i.c.  3/2  (2.303  RT/F)  volts,  per  unit  pH  was  obtained. 

(Note:  all  values  arc  quoted  with  respect  to  a  pll-lndependert  reference 

electrode,  c.g.  SHE  or  calomel).  This  is  illustrated  particularly  well  by 
the  behaviour  of  hydrous  irLdtum  oxides  films4  produced  by  potential 
cycling.  The  reaction  involved  is  an  oxide/oxide  transition  which  exhibits 
an  unusually  high  degree  of  reversibility.  It  is  now  assumed  to  be  of  the 
form  depicted  in  equation  (1) 


: - [lr(0H)J~2 - }  +  3H+  +  2e‘  =■  ( - [lr2(OH)g;~3- 


311,0 


(1) 


these  hydroxy  complexes  being  part  of  a  polymer  chain  or  aggretate. 
Further  details  of  other  oxide/oxide  transitions  involving  hydrous 
materials  will  be  found  in  reference  3. 


The  slightly  more  complex  case  of  hydrous  oxide/metal  transitions  is 
considered  in  this  extended  abstract.  Studies  carried  out  with  platinum 
and  palladium  (and  to  a  lesser  extent  gold)  have  illustrated  some  important 
polnt3  with  respect  to  metal  surface  oxidation  processes.  Thick  hydrous 
oxide  layers  can  be  produced  on  platinum  using  either  constant 
potential^-^  or  repetitive  potential  cycling^  conditions,  the  latter 
having  the  distinct  advantage  that  prior  surface  polishing  is  not  required. 
Several  hundred  layers  of  platinum  atoms  at  the  surface  of  the  metal 
lattice  may  be  converted  to  oxide:  alteration  of  the  co-ordination  state 
of  the  oxynetal  complexes,  associated  with  the  evolution  of  oxygen  gas  (as 
has  been  outlined  earlier  for  gold^),  leads  to  the  conversion  of  an 
anhydrous  monolayer  to  a  hydrous,  multilayer  film  under  d.c.  conditions. 
With  the  potential  cycling  technique  the  anodic  and  cathodic  limits  are 
rather  important.  It  was  found  that  a  value  of  ca.  2.2  V  at  v  *  100  Vs-1 
was  optimum,  this  being  sufficiently  anodic  to  extend  the  compact  oxide 
growth  ",  igni  f  I  c.-ntly  beyond  the  single  monolayer  level.  Or.  the  subsequent 
cr tbc>d iq  sweep  much  of  tills  conpac.t  muteiial  1.:>  reduced;  the  optimum  lower 
value  is  ca.  0.  V  ,\t  v  "  100  Vs--  this  being  adequate  to  reduce  most  of 
the  monolayer  material.  This  potential  cycling  between  set  limits 
presumably  create.:  a  nigh  level  of  adatom  species  (designated  Pt*  t°e 
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b 3 .  '.Hi  the  next  anodic  sweep  th»«c  ire  converted  to  hydrated  species 
(e.g.  b.,Pt(0li)g)  and  compact  monolayer  growth  occurs  beneath  the  porous 
rtr.cer  layer.  This  growth  continues  until  eventually  the  thick  film 
effectively  excludes  the  metal  from  contact  with  Its  aqueous  environment. 
Similar  growth  hag  also  been  found  to  occur  with  palladium,  gold,  etc.  In 
both  acid  and  base,  although  It  Is  considerably  less  pronounced  at 
Intermediate  pH  values. 

In  acid  media  quantitative  reduction  of  the  thick  hydrous  oxide  film3  takes 
place  (the  charge  being  independent  of  sweep-rate).  A  very  sharp  peak  is 
obtained  in  the  region  of  0.2  to  0.5  V  (with  respect  to  a  reversible 
hydrogen  electrode  in  the  same  solution,  RHE).  This  is  well  below  the 
usual  compact  monolayer  oxide,  peak  which  is  also  observed  in  the  region  of 
0.6  to  0.8  V  (RHE).  The  surface  deposit  is  obviously  duplex,  with  a 
compact,  inner  monolayer  film  on  the  metal  surface,  covered  by  a  much 
thicker  layer  of  dispersed  platinum  hydroxide  now  assumed  to  be  an 
aggregate  of  platinic  acid,  H2Pt(OH)6.  Hexahydroxyplatlnc  acid,  H2Pt(OH)6 
and  its  salts  are  established  compounds  of  this  metal  and  their  structures 
are  well  known^.  While  the  growth  of  this  film  is  possible  in 
baso^,  it  reduces  readily  only  in  solutions  of  low  pH.  This  is 
understandable  in  terms  of  equation  (2). 

[  ?t(Oll)6]-2  +  6H+  +  4e"  -  Pt  +  6H20  (2) 

With  a  ratio  of  six  protons  to  four  electrons  in  the  electrode  reaction, 
the  reversible  potential  for  reductions  must  decrease  by  a  factor  of  3/2 
(2.303  RT/F)  v  per  unit  increase  in  solution  pH  (pll-lndependent  scale).  If 
t’lo  hydrous  n  iterial  in  acid  (pH  =  0)  reduces  at  ca.  0.25  V  (RHE),  then  In 
base  (pH  »  14)  this  reaction  should  require  a  potential  of 
ca.  -0.15  V  ("Hu).  In  view  of  the  low  hydrogen  overpotential  on  platinum, 
large  currents  due  to  the  latter  reaction  will  overshadow  the  hydrous  oxide 
reduction  process.  Indeed,  e-t  moderate  hydrogen  evolution  currents  the 
hydrous  film  in  base  appears  relatively  inert. 


no. 


",  the  situation  with  regard  to  oxide/netai  transitions  as  outlined 
above  is  at:  oversimplification.  The  problem  is  that  the  reduction  involves 
fast  "iectron  transfer  (pnoudo-revers4 hie) ,  c.g.  it  gives  an  unusually 
sharp  park  with  the  peak  c  nr  rent  increasing  linearly  with  sweep  rate,  but 
the  reverse  reaction,  i.e.  hydrous  oxide  growth  on  the  reverse  scan,  13 
obviously  highly  inhibited.  This  inhibition  is  evidently  related  to  the 
fact  that  the  metal  atom  at  the  surface  is  partially  imbedded  in  the  metal 
lattice  no  that  hydroxide  ions  do  not  have  ready  access  to  the  six 
co-ordination  3itca  required  to  form  the  complex  Pt(OK),.-2.  Such  an  entity 
can  be  readily  produced  only  at  metal  atoms  which  are  displaced  from 
regular  co-ordination  sites,  i.e.  at  adatoms  (Pt*),  such  as  are  produced  on 
repetitive  cycling.  The  reduction  process  (equation  (2))  can  be  viewed  as 
a  two-part  reaction. 


[Pt(OH),j-2  +  6!l+ 


4e”  “  Pc*  + 
Pt*  -  Pty 


6H20 


(3) 

(4) 


Equation  (4)  denotes  the  rearrangement  of  the  initially  discharged  species 
(platinum  adatom3,.  Pt*)  to  form  bulk  lattic  species,  Pt^.  Reaction  (3) 
is  highly  reveiaible:  applying  the  Hernst  equation  to  this  step  yields  the 
expression 
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2.303  RT 
4F 


j-og 


3Pt*‘  aH,0 


*Pt (0H)6“^ .  aff*" 


(5) 


The  activity  of  the  adatoms  decays  with  time  and  this  is  an  obvious 
explanation  for  the  following  observations:  (a)  that  the  peak  potential 
drifts  anodically  with  decreasing  hydrous  oxide  reduction  scan-rate,  and 
(b)  that  the  reduction  profile  for  reaction  (3)  under  potential  sweep 
conditions  shows  an  unusually  sharp  drop  on  the  cathodic  side  of  the 
hydrous  oxide  reduction  sweep®.  The  formation  of  dispersed,  platinum 
black-type  deposits®,  rather  than  smooth  platinum,  on  reduction  of  thick 
hydrous  oxide  layers  further  supports  the  above  interpretation  of  this  type 
of  reaction.  These  aspects  of  transition  metal/metal  oxide 
electrochemistry  would  appear  to  be  of  widespread  Importance,  extending 
well  beyond  the  areas  outlined  here,  e.g.  in  corrosion,  battery, 
pH-monitoring  and  electrochromic  systems. 

From  the  above  results  it  is  clear  that  although  potential  values  for  peak 
maxima  observed  during  the  course  of  reduction  of  anodically  produced  oxide 
layers  on  platinum  are  influenced  by  sweep  rate,  the  variation  of  such 
maxima  potentials  with  change  in  solution  pH  is  mainly  of  thermodynamic 
origin.  From  the  values  previously  quoted  a  shift  in  the  region  of  30  mV 
per  unit  (RHE),  or  about  89  mV  per  unit  pH  with  respect  to  SHE,  is 
obtained.  Such  a  shift  (which  has  been  described  as  ' super-Nernstlan* )  is 
of  widespread  Importance  not  only  in  the  case  of  platinum  but  also  for 
other  hydrous  oxide  systems  such  as  gold**-,  iridium,  iron  and  nickel. 

In  similar  studies  with  palladium  it  was  found  that  the  behaviour  of  this 
metal  is  in  many  ways  analogous  to  that  of  platinum.  However,  some 
significant  differences  were  observed,  specifically  (a)  base-grown  hydrous 
palladium  oxide  layers  are  rather  unstable  in  acid,  and  (b)  both  the  ease 
of  oxide  growth  and  the  susceptibility  of  the  resulting  layer  to 
dissolution  are  significantly  greater  In  the  case  of  palladium. 
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STUDY  OP  THE  INDUCTANCE  INFLUENCE  ON  THE 
MEASURED  ELECTROCHEMICAL  IMPEDANCE 


B. SAVOVA-STOYNCV,  Z. 3T0YN0V 
Central  Laboratory  of  Electrochemical  Power  Sources 
Bulgarian  Academy  of  Sciences,  Sofia  1040,  Bulgaria 


The  problem  of  the  inductance  influence  on  the  aeasured  impe¬ 
dance  arises  with  the  development  of  the  high-frequency  measure¬ 
ment  instrumentation. 

The  inductance  of  the  connecting  wires  and  cf  the  electroche¬ 
mical  cell  itself  deforms  the  impedance  diagram  especially  of 
low-resistance  systems  even  in  the  range  of  middle  frequencies. 
Thetheoretical  analysis  and  topology  simulation  show  that  the 
inductance  limits  the  measurement  frequency  and  on  the  other 
hand  it  can  lead  not  only  to  parameter  but  also  to  structure 
deformations  of  the  impedance  diagram. 

The  own  inductance  of  the  cell  is  of  a  distributed  parameter 
type  but  in  a  first  approximation  it  can  be  treated  as  a  lumped- 
parameter  element,  hence,  the  inductance  influence  can  be  treat¬ 
ed  as  ar.  additive  term. 

The  aim  of  this  paper  is  the  study  of  the  additive  inductance 
influence  in  two  aspects: 

i)  quantitative  evaluation  of  the  errors  due  to  the  inductance 
influence; 

ii)  analysis  of  the  structural  deformations  on  the  impedance 

diagrams. 

If  the  additive  inductance  influence  is  presented  by  a  serial 
connected  L  element  ir.  the  electrical  equivalent  circuit  descri¬ 
bing  the  measured  impedance  the  relative  error  due  to  the  induc¬ 
tance  is  estimated  and  the  analytical  dependence  is 

6-  =  -co2lc.t  CD 

where  to  is  the  measured  frequency  and  -  the  measured  capaci¬ 
ty. 

It  can  be  seen  that  this  error  is  proportional  to  the  frequen¬ 
cy  squared  and  depends  on  the  value  of  the  inductance  as  well 
as  on  the  capacity  C;..j  specific  for  the  object. 

Tor  microobjects  this  error  is  small  enough  and  appears  at 
very  high  frequencies  but  for  big  real  objects  the  error  begins 
to  play  role  even  iri  the  range  of  low  (sound)  frequencies. 

If  the  acceptable  inductance  error  is  £>  g ,  then  the  limit 
frequency  OJ  -  car.  be  expressed  by  the  relation: 

C0L  -  '/Si/LCm'  _  (2) 

respectively  fmax  =  (3) 

For  large  objects  with  an  effective  capacity  of  about  10  Farads 
the  limit  frequency  is  in  the  range  of  few  cycles^.  The  simpli¬ 
fied  evaluation  of  the  error  £,  T  and  f  „  (1)-  (3)  requires  a 
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limitation  of  the  measurement  frequencies. 

On  the  other  hand,  the  inductance  influence  can  lead  to  defor¬ 
mations  of  the  ideal  .impedance  shape  and  to  a  wrong  structural 
identification.  To  analyze  these  effects  a  simulation  is  carried 
out  and  the  results  are  presented  later. 

Topology  studies  have  been  performed  over  a  set  of  typical 
electrochemical  models  using  the  simulation  program  "SIMA" abased 
on  the  method  for  a  structural  simulation  of  matrix  models  . 

For  the  simplest  electrochemical  system, an  ideal  nonpolarized 
electrode,  the  impedance  can  be  described  as 


Ky: 


Z  =  R  +  u)  L , 


hence,  the  behaviour  of  the  imaginary  impedance  component  is 
pure  inductive. 

The  expressions  for  the  complex  inductance  error  are  as  foll¬ 
ows  : 

.  qfl4±-RL  -  3  (5) 


&“=  CO  L./R  (6) 

and  the  limit  frequency: 

£  &  .  R 

fmax  -  —T¥T~  (7) 

The  common  impedance  of  an  Ideal  Polarized  Electrode  can  be 
expressed  as 

!  =  (8) 

With  the  frequency  increase  the  capacitive  impedance  component 
decreases  and  tends  to  zero.  At  certain  frequencies  this  term 
changes  even  its  sign  and  begins  to  increase,  i.e.  the  capacit¬ 
ive  part  even  changes  into  an  inductive  one.  For  evaluation  of 
the  error  and  the  maximal  frequency , expressions  (l),(3)  are  valid. 

The  topology  analysis  of  One-Step  Reaction  was  performed  va¬ 
rying  the  factor  ?  which  is  a  function  of  the  model  parame¬ 


ters  L ,  R  ^ ,  C  ,-j : 


?  »  L/Rp  CD  (9) 

in  the  frequency  range  (U)=  10^  —  10  ). 

At  low  inductance  values  the  impedance  diagram  is  an  approxi¬ 
mately  pure  semicircle  near  to  the  case  of  an  inductance-free 
impedance  model  and  of  one  high-frequency  inductive  part. 

When  increasing  the  relative  inductance  value,  at  first  the 
size  and  then  the  shape  of  the  semicircle  changes  from  a  defor¬ 
med  semicircle  to  a  sharp  deformation  tending  to  the  value  of 
R-  +  R  for  f  «=  1 .  phe  3-D  plot  (Re,Im,lg  to  )  is  very  impor¬ 
tant  R  for  a  qualitative  estimation  of  the  model. 

The  errors  of  the  Re  and  Re  evaluation  due  to  the  inductance 
influence  are  obtained  as  follows: 

■  ?  -jfc—  (10> 

and  respectively, 


7  V’~Lm — »*'  ‘  * 

■-  v  - 
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c>  J  -  -  ?  (ii) 

p 

The  dependence  cf  the  inductance  cn  the  electrode  surface  is 
also  analysed.  For  real  experiments  the  own  cell  inductance  va¬ 
lues  depend  on  the  cell  size  and  configuration  as  well  as  on 
the  electrode  surface. 

Following  some  assumptions  and  simplifications,  the  following 
dependence  is  obtained  for  the  inductance  error  ns  a  function 
of  the  electrode  surface: 


(12) 


where  *'  is  a  coefficient  of  the  chape, 

V  =  r  and  r£  ~  the  specific  resistances  (r_  ,  r„  ) 

representative  electrochemical  parameters;  S  -  the 
electrode  surface. 

As  a  result  of  the  analysis,  an  evaluation  of  the  error  due 
to  the  inductance  influence  on  the  electrochemical  impedance 
has  been  performed  as  well  as  the  maximal  frequency  for  a  given 
inductance  error  has  been  estimated  beyond  which  the  impedance 
measurement  becomes  unreliable.  Especially  for  low- impedance 
systems  f  goes  to  the  range  of  low  and  middle  frequencies. 

From  the  calculations  it  follows  that  the  limit  measurement 
frequency  can  be  increased  by  decreasing  either  the  wire  length 
or  the  object  surface. 

The  topology  analysis  has  shown  that  the  presence  of  induct¬ 
ance  leads  to  typical  deformations  of  the  main  impedance  shapes 
very  often  practically  observed. 
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1.  INTRODUCTION 

Commercial  electro lysers  normally  use  nickel  or  nickel  plated  steel  as  anode 
material.  This  material  is  resistant  to  corrosion  in  hot  concentrated 
caustic  solutions  and  has  one  of  the  lowest  oxygen  evolution  overvoltages  of 
the  non-noble  metals.  However,  the  overvoltage  increases  with  time  .  +  This 

phenomena^  lias  been  attributed  to  the  gradual  conversion  of  the  Ni3  to 

stable  Ni  at  the  oxide  surface. 

Ihe  search  for  improvements  has  mainly  beer  directed  towards  the  development 
of  catalytic  semi-conducting  oxides.  Mo3t  of  the  oxides  which  have  been 
studied  for  oxygen  evolution  in  alkaline  medium  fall  essentially  into  two 
major  classes,  according  to  their  crystallographic  structure  ;  spinel-type 
(e.g.  NiCo^O  and  Co^O^)  and  perovskite-type  (e.g.  LaCoO.)  oxides. 
Perovakite-tvpe  oxides  exhibit  interesting  features  for  the  oxygen  evolution 
as  shown  recently  in  a  review  paper  by  S.  Trasatti  and  G.  Lodi2  . 

In  this  piper  we  arc  going  to  discuss  the  properties  of  the 

perovskite-mareri.nl  La  „Sr.  ,Ni  -,CoA  o0,  for  oxygen  evolution  in  alkaline 
med lun . 

1.  EXPERIMENTAL 

The  perovsk.it-.:  type  of  cornm/c:  i  1  ectrocatalyst  war;  mo.de  using  a  plasma 
spray { ng  technique,  and  th’  cataiyrt  was  deposited  onto  a  nickel  expanded 
r<-  t.«i  grid  i  lanr.a  .pray  deposition  Imd  been  chosen  as  the  preferred  --sthod 
for  pr  paring  catalytic  electrodes  as  i  result  of  work  completed  in  n  idler 
phases  of  this  research.  The  formation  of  the  perovsklte  phase  has  beer, 
followed  by  X-ray  analysis  and  it  was  found  that  the  perovsklte  pnase  was 
completely  formed  at  1000  "C. 

Further  characterisation  of  the  electrodes  was  done  by  Scanning  Electron 
Microscopy  (SEI?)  ,  Energy  Dispersive  Analysis  of  X-rays  (LDAX)  and 
Microprobe  Analysis. 

The  electrochemical  experii-ten.s  were  costly  performed  in  a  30  «t  '•  KOii 
solution.  The  reference  electrode  was  a  Hg/IIgO  using  the  came  electrolyte. 
Long  lasting  and  short-circuit  experiments  were  performed  under 
intentiostat ic  conditions  and  under  forced  electrolyte  convection,  the 
geometric  area  of  the  anodes  var,  kept  4  cm2.  Cyclic  voltammetry  and 
polarisation  curves  were  taken  in  an  H-type  cell  and  here  the  electrodes  had 
a  geometric  surface  area  of  1  cm*. 
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3.  EXPERIMENTAL  RESULTS  AND  DISCUSSIONS 

3.1.  Chemical  stability  testing 

Chemical  stability  tests  have  been  performed  in  a  pressure  vessel  at  a 
temperature  of  200  °C  and  a  pressure  of  3.0  MPa.  The  cell  was  filled  with  a 
45  wt  %  KOH  solution  and  was  maintained  at  pressure  for  100  hours. 
Stability  tests  ware  done  on  two  solid  disc  samples  of 
La^  gSr0  2^*0  2^°0  8^3  an<^  t*le  solutions  were  analysed  for  all  four 

components.  Experimental  results  indicate  that  the  strontium  and  lanthanum 
are  stable.  Cobalt  leaches  out  an  amount  that  corresponds  to  approximately 
1-3  %  of  the  cobalt  content  of  the  (10  gram)  samples  in  the  first  50  hours. 
After  the  initial  50  hour  tests,  the  samples  are  essentially  stable. 

The  same  stability  te3ts  have  been  performed  with  plasma  sprayed 
LaQ  ySr0  oHi0  tCOq  g0  -e Lectrodes ,  confirming  their  chemical  stability. 

3.2.  Po’arisation  curves 

P.ilarisjv.ion  plots  lor  the  04R  '■  Oxygen  Evolution  Reaction)  cn  test 
li'urf  dr-s  vcie  determined  usi  ig  steady  state  potentiostatic  methods.  Each 
electrode  wan  preanedised  at  constant  current,  density  of  100  Am  2  for  1 
hour.  Three  temperatures  were  investigated  :  25  °C,  45  °C  and  65  °C  and  the 
results  arc  shown  in  Tabic  1. 

Table  1 


\-»ryj*:racure 
(  K )  (V 

”b 

decade  ) 

il 

(V  ft  1  Am  2 ) 

X 

dr2) 

293 

0.045 

0.17 

1.3 

1.8  10~4 

318 

0.046 

0.15 

1.4 

5.5  10  * 

.338 

0.049 

0.13 

1.4 

2.4  10  J 

At  low  overpoter.tlals ,  the  Tafel  slope  is  about  0. 045-0. 05C  V  .  A  Tafel 
slope  of  0.04  V  for  a  perovski te-type  oxide  has  been  reported  by  S.  Trasatti 
and  G.  Lodi  2  .  The  proposed  mechanism  is  a  second  electron  transfer  from 
adsorbed  OH  radicals  as  the  rate  determining  step  : 


S  -  OH  +  OH  -►  SO  +  H.,0  +  e 


where  S  i6  a  surface  site. 

This  mechanism  predicts  a  Tafel  slope  of  0.04  V  and  a  reaction  order  with 
respect  to  OH  of  2.  However,  in  our  investigations  the  reaction  order  can 
not  uniquely  be  defined  since  che  Tafel  slopes  changes  as  a  function  of 
electrolyte  concenttation.  More  detailed  analyses  involving  polarisation 
experiments  and  reaction  order  studies  are  needed  to  gain  more  insight  in 
the  complicated  reaction  mechanism. 
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From  the  experimental  data,  especially  the  observed  current  density  as  a 
function  of  the  temperature,  an  apparent  activation  energy,  at  zero 
overpotential  AIK  n  ”  o)  can  be  calculated  end  equals  50  kJ  mole 
Long  lasting  experiments  have  been  performed  with  several  electrodes  at 
10,000  Am  2  in  a  30  wt  %  ilOH  solution.  The  electrode  overvoltages  for  three 
c  i  act  roc!  as  have  been  measured  as  a  function  of  time.  The  initial  mean 
overvoltage .  equals  0.35  V  and  increases  as  a  function  of  time  at  a  rate  cf 
1 . 3  mV  day 

However,  after  each  current  interruption  the  initial  overvoltage  value  was 
restored.  No  explanation  has  yet  been  found  for  this  phenomenon. 


3.3.  Shcrt-circu ’ ting  experiments 

Since  it  is  envisaged  to  use  these  anodes  in  bipolar  filter  press  type  water 
eiectiolyserr.,  the  stability  of  the  perovskite  anodes  against  current 
interruptions  has  to  be  checked.  This  is  important  since  it  is  known  that  a 
reduction  of  the  anode  oxide  material  can  occur  at  current  interruptions, 
especially  when  using  in  a  bipolar  configuration,  highly  active  cathodes 
e.g.  Raney-nickel ,  nickel  sulphide. 

To  check  the  stability,  the  perovski te-electrodes  were  tested  as  follows  : 
after  some  time  of  electrolysis  ac  10,000  Am  2  and  90  °C,  the  anode  in  a 
single  cell  configuration  was  short-circuited  to  a  nickel  sulphide  type  of 
cathode.  After  that  the  anode  and  cathode  potentials  were  equalized  at 
about  -0.75  V  vs  Ug/KgO,  the  electrolysis  was  restarted.  This  sequence  has 
been  repeated  for  ten  times.  After  each  interruption,  the  anode  potential 
reached  its  initial  value,  indicating  the  stability  of  this  type  of 
perovskite. 

Voltammetrlc  measurements  also  indicate  the  stability  of  these  anodes  since 
no  corrosion  peaks  can  be  observed  in  a  broad  potential  range  between  -0.85 
V  vs  ilg/KgO  anu  the  OER.  Similar  measurements  with  PTFE-bonded 
La  <j^rQ  jCoO. -electrodes  performed  by  T.  Kudo  and  co-workers  3  showed  Che 
reduction  of  ’.he  electrode  oxide  at  negative  potentials. 
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TiO;-supported  noble  metals  and/or  noble  metal  oxides  have  in  last 
years  received  special  attention  both  as  efficient  photocatalysts  (for 
the  photodecompos ition  of  water,  for  example)  and  as  a  new  class  of 
potential  catalysts  for  C0-H2  Fischer-Tropsch  synthesis^. 

Thus,  the  photodecomposition  of  water  into  H2  and  02  has  been 
demonstrated  both  using  a  suspension  of  platinized  Ti02  particles 
irradiated  with  the  UV  light^,  and  also  in  a  more  complex  system, 
consisting  of  Pt  and  Ru02  catalysts  supported  on  colloidal  Ti02,  in  the 
presence  of  a  sensitizer  (e.g.,  Ru(bipy)j+)  capable  of  absorbing  the 
visible  light3.  Recently,  carbon  dioxide  has  been  shown  to  undergo  strong 
reductive  adsorption  at  Pt/Ti02  film  electrodes^.  In  order  to  evaluate 
the  modification  of  the  adsorption  properties,  due  to  the  dispersion  and 
to  the  presence  of  (or  the  interaction  with)  the  Ti02  support,  the 
clerfT-oebn-iiral  behaviour  of  different  Pt/Ti02  deposits  was  examined, 
particularly  in  too  hydrogen  adsorption-desorption  region,  using  cye’i'- 
vo  l  tanrmetry . 

The  platinum  catalysts  investigated  in  this  study  were  supported  on 
10  to  15um  thick  anatasc  Ti02  films.  Those  films  were  prepared  by  a 
layer-by-layer  hydrolytic  decomposition  of  on  alcoholic  TiClu  solution 
applied  onto  metallic  Ti  substrates3.  After  annealing  in  air  at  450°C,  all 
samples  were  reduced  by  heating  in  argon  at  530’’C.  This  mode  of  reduction 
confers  on  the  Ti02  films  good  electrical  conductivity,  associated  with 
the  resonce  of  lower  titanium  oxides,  including  TiO  and  Ti20j,  close  to 
the  interface  with  Ti  metal^. 

Platinum  deposits  were  performed  cathod  i..  ally ,  according  to  ref.  7. 

Fig.  2  shows  a  typical  scanning  electron  Micrograph  of  such  a  Ft/Ti02 
surface  (platinura  appears  as  irregular  white  spheres).  X-ray  photoelectron 
spectroscopic  measurements  revealed  that  the  Pt4f(7/2)  binding  energy  of 
the  dispersed  platinum  was  identical,  within  0.1  eV,  to  that  of  smooth  Pt. 

Amongst  features  of  electrochemical  behaviour  of  these  Pt/Ti02  film 
electrodes,  the  characteristic  enhancement  of  the  amount  of  strongly 
adsorbed  hydrogen  (with  respect  to  a  smooth  polycrystalline  Pt  electrode) 
is  visible  in  Fig.  1  for  three  different  electrodes  containing  increasing 
amounts  of  Pt . 
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OT^IOIUCTICVN 


Hydro.rcn  atom  dissolution  and  permeation  in  steel  are  often  associated 
with  composition  and  points  of  stress  concentration  in  the  material.  These 
stress  raisers  nay  be  flaws  inaavertcdly  present  in  the  material  (e.g  flaws 
in  v'eldts),  sites  of  damage  caused  by  use  of  the  structure  or  caused  by  dis¬ 
continuities  in  the  geometry  of  the  member.  These  structural  defect  paths 
for  H  permeation  are  enlarged  in  3ize  or  number  by  these  stress  raisers. 

It  ha 3  been  shown  that  H  entry  into  steel  grain  boundaries  is  further  enhanced 
by  applied  tensile  stress  (1). 

In  the  previous  paper  (2,  3),  it  has  been  demonstrated  that  in  the  sour  en¬ 
vironment  (i.e  H2S),  the  cathodic  evolution  of  hydrogen  on  a  corroding  mater¬ 
ial  is  reduced,  consequently,  the  amount  of  Had  by  Steel  is  enhanced.  As  the 
effect  of  applied  stress  on  Had  by  steel  in  the  ab3er.ee  of  chemical  agents 
has  not  adequately  been  established  possibly  due  to  experimental  assembly- 
difficulties,  this  oauer  propones  to  investigate  the  relation  between  applied 
stress  on  Ii  permeation  in  steel. 


EXPERIMENTAL; 


The  Bnli2  Steel  membrane  (thickness  =  2.7 t*  on)  was  mechanically  pre39-cut 
into  standard  tensil  specimen  according  to  ASTM.  This  was  annealed,  polished 
and  degreased  with  acetone  prior  to  introduction  of  strain  guage.  This  speci¬ 
men  was  made  to  fit  the  glassware  flanges  at  the  points  while  oro'ectinp  above 
and  below  this  joint  of  the  two  compartment  cell  of  Davanathan  et  al.  (L). 
These  projections  of  the  specimen  were  clamped  firmly  to  the  provisions  made 
for  them  on  the  Mosanto  Type  Tensor.eter  which  was  held  vertically  while  the 
fljages  are  horizontal. 

The  tensile  steel  diffusion  membrane  was  initially  at  zero  stress  while 
cathodic  compartment  was  maintained  galvano3tically  at  ID  mA/'cs'-  H^  charging. 


The  anode  ccmi'-urtirent  is  held  at  potentio3tatic.  K~  oxidation  potential  in 
l.^c  V aCl  electrolyte.  The  H  permeation  current  is  recorded  at  this 
ancle  mode  by  the  Xt  pon  recorder.  At  the  steady  state  of  K  -  oermeation 
current,  the  stress  was  increased  from  zero  to  180  The  H 

permeation  current  for  this  stress  level  was  recorded.  Thereafter,  the 
stress  level  was  once  more  increased  from  180  N  mrr-2  to  2k0,  370,  L30  and 
550  Nnin-^,  The  limiting  H  permeation  currents  for  each  of  these  stress 
levels  were  recorded. 


RESULT  AUD  DISCCSSIONt 


The  elastic  modulus  sDecif icaticn  of  the  tensile  suecimen  was  confirmed 
(235  KN  mn~2)  and  the  H  oerneation  current  within  the  elastic  region  to  res¬ 
pond  with  increase  in  stress.  This  is  consistent  with  the  suggestion  of 
Phalen  et  al,  that  the  number  of  H  oaths  is  related  to  the  magnitude  of 
stress  raisers.  This  observation  in  this  work  suggests  that  a  preferential 
H  diffusion  oath  or  acceleration  of  M-h'  reaction  in  a  stress  steel  specimen. 

However,  the  inability  to  detect  a  hydride  phase  (M-H)  in  steel  supports 
the  earlier  view  that  K  does  enter  the  lattice  of  the  stressed  steel,  dif¬ 
fuses  into  and  concentrates  in  the  region  of  highest  tensile  stress.  This 
fact  could  hold  an  explanation  for  the  rapid  increase  in  H  permeation  current 
observed  when  the  steel  membrane  v«>*»  contracting  as  the  steel  v=>~  suddenly 
relieved  (i.e  to  zero)  of  the  ar-ili»d  stress.  mhe  observed  incTB,'o  in  H,fig.1 
"“■c" 'a- 1 icn  current  could  be  due  to  a  snueez.e  out  of  the  dissolved  H  high. 
«.tv»cs  that  could  not  bB  accommodated  at  the  limited  sites  available  at  zero 
stress.  Therefore,  it  i~  sensible  to  conclude  that  in  suitable  hydrccen  en- 
v 'ire meet,  hvdroten  embrittlement  is  plan s < ha e  ir.  the  presence  of  etrece 
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EFFECTS  OF  ION  BOMBARDMENT  ON  THE  MORPHOLOGY  OF  LEAD  FILMS 

Michael  J.  Armstrong  and  Rolf  H.  Muller 
Lawrence  Berkeley  Laboratory  and  Department  of  Chemical  Engineering 
University  of  California 
Berkeley,  CA  94720  USA 


Ion  bombardment  is  extensively  used  for  determining  composition 
profiles  of  surface  layers  by  Auger  electron  spectroscopy  [1],  For  thin 
films  on  the  order  of  a  few  tens  of  nm  thickness,  surface  roughening  is 
thought  to  be  minor  and  a  uniform  removal  of  surface  layers  is  expected. 

The  present  work  concerns  a  case  where  these  assumptions  do  not  apply  and 
composition  profiles  have  to  be  interpreted  differently. 

This  work  was  undertaken  in  connection  with  a  previous  effort  on  the 
effect  of  organic  adsorbates  on  the  initial  stage  of  electrolytic  metal 
deposition,  where  the  presence  of  Rhodamine-B  had  been  found  to  greatly 
reduce  the  microporosity  of  very  thin  layers  of  electrodeposi ted  lead  [2]. 

Ion  bombardment  in  combination  with  Auger  electron  spectroscopy  and  spectro¬ 
scopic  el  1 ipsometr/  were  to  be  used  to  determine  the  porosity  and  composi¬ 
tion  profiles  of  tne  iead  deposits. 

Tne  lead  f’ins  used  in  this  study  were  deposited  by  el ectrochemi cal 
ar.d  evaporation  methods  upon  12.3  mm  diameter  oxygen-free  copper  disks. 
rhese  methods  produced  films  that  covered  the  surface  uniformly.  The 
Copper  substrates  were  mechanically  polished  with  a  final  step  using  0.05 
pm  alumina  powder  in  water.  An  electrolyte  consisting  of  1.0M  NaClO^, 

0.005M  Pb(N0,)~,  and  10  pM  Rhodamine-B  chloride  at  a  pH  of  2.4  was  used 
for  electrodeposition.  After  deposition,  the  samples  were  rinsed  quickly 
with  distilled  water  with  excess  water  being  removed  by  compressed  Freon. 
Vapor  deposition  of  lead  films  was  performed  under  vacuum,  both  in  the  UHV 
chamber  used  for  AES,  arid  in  a  commercial  evaporator.  Both  depositions  were 
made  ...  ..h  .  . ig  high  purity  lead  (99.999%)  from  a  tungsten  basket.  Dur¬ 

ing  vapor  deposition,  the  background  pressure  in  the  commercial  apparatus 
was  !0"4  torr,  in  the  UHV  chamber  it  rose  to  lO''7  torr.  The  deposits  pre¬ 
pared  within  the  commercial  apparatus  were  exposed  to  air  for  approximately 
10  min.  during  transfer  to  the  UHV  chamber.  The  deposits  made  within  the 
UHV  chamber  were  not  exposed  to  air  before  ion  bombardment. 

The  UHV  chamber  was  equipped  with  windows  which  were  oriented  to  allow 
el  1 ipsometry  of  the  sample  with  a  75°  angle  of  incidence.  The  electron  gun 
for  AES,  and  the  ion  bombardment  gun  were  also  oriented  for  a  75°  angle  of 
incidence  of  their  respective  beams  but  at  azmuthal  positions  of  30°  and  60° 
respectively  from  the  plane  of  incidence  of  the  el  1 ipsometer  beam.  Ion 
bombardment  was  performed  with  argon  ions  at  an  energy  of  1100  eV  in  5x10  3 
torr  of  Argon.  The  ion  beam  was  rastered  across  the  surface  for  an  even 
bombardment.  Optical  properties  of  the  film-covered  surfaces  were  measured 
with  a  spectral -scanni ng  el  1 i psometer .  Its  construction  and  use  have  been 
described  elsewhere  [3]. 

The  optical  response  of  the  samples  following  ion  bombardment  was 
node  I ect  in  two  successive  stages.  Early  in  the  bombardment  process,  the  film 
was  modeled  with  a  compact  ?b0  layer  upon  a  continuous,  porous  lead  film. 
Following  the  removal  of  the  oxide  layer,  the  surface  was  modeled  with  a 
pitted,  porous  lead  film  (Fig.  1).  Models  of  the  surface  that  consisted  of 
one  ur  two  layers  of  continuous  films  did  not  reproduce  the  measurements 
satisfactorily  even  when  the  films  were  assumed  to  be  porous  and  contain 
iead  and  copper.  The  optical  response  of  the  pitted  film  was  interpreted 
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with  the  coherent  superposition  of  the  reflection  coefficients  from  the 
bottom  of  the  pit  and  on  the  film  [4],  The  parameters  of  the  surface 
model,  porosity,  thickness  and  surface  coverage  for  the  film,  were  deter¬ 
mined  with  a  routine  which  minimized  the  deviation  between  the  prediction 
of  the  optical  model  and  the  spectroscopic  ellipsometer  measurements  [2]. 

The  ion  bombardment  of  a  lead  film  is  represented  in  Fig.  2  by  the 
results  from  a  0.039  C/cm?  (36.9  nn  compact)  electrodeposit  in  which 
virtually  all  the  lead  was  removed  from  the  copper  substrate  after  125  min. 
of  ion  bombardment.  Up  to  5  min.  of  ion  bombardment,  the  surface  was 
modeled  with  a  continuous  oxide  layer  upon  a  continuous  lead  film  of  20% 
poi'cs i zy .  The  oxide  layer  was  determined  from  ellipsometer  measurements  to 
be  3  rim  thic-;  initially  and  to  be  removed  uniformly.  Between  15  and  35  min. 
cf  i or;  bombardment  the  surface  was  modeled  with  a  pitted  lead  film  in  which 
the  pits  did  rot  reacn  the  cooper  substrate.  After  45  min.  the  ellipso- 
metric  data  were  modeled  with  a  pitted  lead  film  in  which  the  copper  sub¬ 
strate  was  exposed  in  the  pits.  Throughout  the  ion  bombardment  the  porosity 
was  found  to  remain  constant  at  20%.  The  fraction  of  the  copper  substrate 
covered  by  lead  was  also  determined  from  Auger  spectroscopy  by  an  interpre¬ 
tation  in  which  one  assumed  that  all  the  lead  is  present  in  the  area 
between  the  pits.  Figure  2  shows  the  agreement  of  lead  coverage  determined 
by  ellipsometry  and  Auger  spectroscopy. 

The  formation  of  pits  in  lead  films  under  the  influence  cf  Ar  ion 
bombardment,  derived  from  the  spectroscopi c  ellipsometer  measurements,  has 
been  confirmed  at  the  later  stages  by  scanning  electron  microscopy  of  films 
generated  by  evaporation  or  electrochemical  deposition.  Figure  3  shews  pits 
of  1  pm  diameter  in  a  75  nm  deposit  after  65  min.  of  bombardment. 

Two  possible  causes  of  pitting  were  investigated,  the  presence  of 
oxide  or  carbon  on  the  surface,  however,  no  firm  correlations  could  be  found. 

It  has  been  found  that  thin  uniform  lead  films  on  copper  are  not 
uniformly  removed  by  ion  bombardment.  The  films  become  pitted  following 
bombardment  by  1100  eV  argon  ions.  It  appears  that  the  pitting  is  a  result 
of  the  sputtering  process  and  not  of  a  protective  layer  upon  the  lead  film. 
The  results  of  this  study  demonstrate  the  problems  associated  with  using 
ion  bombardment  to  obtain  composition  profiles  of  thin  films.  The  interpre¬ 
tation  of  spectroscopic  ellipsometer  measurements  on  the  basis  of  an  optical 
island  model  agrees  with  that  of  Auger  spectra  with  the  same  model. 

Acl nowl edgment 

This  work  was  supported  by  the  Director,  Office  of  Energy  Research, 
Office  of  Ilas’c  Energy  Sciences,  Materials  Sciences  Division  of  the  U.S. 
Department  of  Energy  under  Contract  No.  DE-AC03-76SF0G093. 

References 


G  K.  w’ehntr, 

,  "Tif*  -V, 

occts  of  Sput 

in  Mi.  GS 

Or  J.j'f'  A 

r:  ana'. /sis. 

O',  err 

1  r*  7  5  rj 

j 

and  .  1 1 . 

k.r.f,  E 

R.(i.  ’fuller 

an';  d.C. 

fa* ;e-.  Rev. 

R.M.  Mul’er 

and  J.C. 

Farmer,  S'.irr 

teeing  in  Surface  Analysis  Methods," 
■"•.W.  Czander-ia  ed. ,  Elsevier, 

lectroch^m.  See.,  '31,  313-315  ( 1 985 ) . 
Sc;.  I  ns  trim. ,  ,  37! - J74  1994). 

.  Sci . ,  135,  521-5".;!  19531. 


H  - CM 


.v, 

.-vV- 


vJ  sur<£ce  coverage 


Porous  leap  *ilm 
with  pits 

Copper  suostrate 


Fig.  1.  Model  surfaces  used  for  interpreting  spectroscopic  ellipsometer 
measurements:  a)  oxide  covered  porous-lead  film;  b)  pitted  porous-lead 
film. 
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rig.  1.  Lead  surface  coverage 
derived  from  ellipsometer  and  AES 
measurements  during  ion  bombardment 
of  a  36.9  nm  thick  Pb  film  on  Cu. 


Fig.  3.  Pitting  in  a  el ectrodeposi ted 
lead  film,  75  nm  thick,  after  55  min 
of  ion  bombardment. 
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CARBON  PASTE  ELECTROOE  CONTAINING  CATION  EXCHANGER  BEADS 
LOADED  WITH  CATIONIC  REAGENT  FOR  ELECTROCATALYSIS 

Wlodzimierz  KUTNER,  Thomas  0.  MEYER  and  Royce  W.  MURRAY 
Kenan  Laboratories  of  Chemistry.  University  of  North 
Carolina,  Chapel  Hill,  North  Carolina  27514  'U.S.A.) 


An  ion  exchange  polymor  and  carbon  paste  electrode  (CPE 
aro  combined  to  immobilize  an  aquo  ruthenium (II/IV)poly-pvri- 
dyl  complex,  [Ru  ( t  rpy  ;  phen  ;  (OH ,  ]  ( CIO ,  )_  (where  trpy  a  2,2’, 2’’ 
-terpyridine ,  phon  o  1 ,10-phenanthroline ' ,  as  oxidative  elec¬ 
tron  transfer  mediator  —  a  catalyst  in  basic  solutions.  The 
ionic  complex  is  loaded  into  microporticulate  sulfonated  poly¬ 
styrene  (cat (ion  exchange  beads  (Dowox  50Wx8),  to  which  carbon 
powder  and  Nujol  are  admixed  to  form  the  modified  carbon  paste 
electrode. 

At  pH  ^  13  trie  acid  dissociation  equilibrium  of  the  complex 
is  totally  shifted  towards  the  monoprotonatad  form  since1 

P*ai-  9*35- 

[Ru1^ ' trpy ) (phon ) (OH„ / [Ru** ( t rpy ) ( phen ) ( OH ! ] *  +  H+  (l) 

**  I 

At  pH  «  13  I  is  reversibly  electrooxidized  in  a  one,  two- 
electron  one-protone  step  with  E°'a  0.285  V  vs  SSCE1  (Fig.  la'. 
The  resulting  Ru ( IV (complex  oxidizes  many  organic  substrates. 

Wo  investigated  oxidation  of  benzyl  alcohol  l  BA  )  to  benzalde- 
hyde  in  detail  and  a  number  of  other  substrates  in  lesser 
dotail. 

[  Ru^J(  trpy)  (  phon)  (  OH)  ]  *— [  Ru1^  trpy)  (  phen)  0]  2*+  2e"  ♦  H*(  2, 

I  ^  ox  I 

[Ru*V(  t  rpy  )(  phen  -  Oj 2+  *f  C^H^CH^OH  — ^  [Ru*  {  t  rpy  '■  (  phen ;  (  OH ;  ]  * 

*  C.HgCHO  «■  H*  (3; 

Basic  solutions  containing  I  and  BA  show  in  cyclic  voltamme¬ 
try  (CV)  electrocatolytic  currents  at  glassy  carbon  electrode 
and  ot  CPE  not  containing  catalyst  (Fig.  lb).  We  compared  the 
rates  of  electrocatalytic  reactions  of  the  homogeneous  solu¬ 
tions  and  the  modified  CPE.  In  contrast  to  ox  I  the  reduced 
complex,  I,  is  guile  stable  in  0.1  M  NeOH.  Thus,  iri  situ  the 
electrochemical  oxidation  of  I  to  generate  ox  I  was  a  promi¬ 
sing  eloctrocatolytic  application  of  the  Ru)  IV/Il)  redox  system 
for  selective  oxidation  of  redox  3oecies. 

A3  the  potential  3can  rate  v  or  electrode  rotation  rate  f_, 

*0n  leave  from  the  Institute  of  Physical  Chemistry, 

Kasprzaka  44,  01-224  Warsaw  'Poland). 
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is  docroaaod,  the  oxidation  currents  in  CV  and  rotated  di9C 
cioctrodo  '.PDF'  experiments  become  nearly  independent  of  v  and 
_f_.  Such  a  bouoyjior  is  typical  of  an  electrocotalytic  "SC**  re¬ 
action  where  b  '  of  tho . irreversibly  eiectroexidized  substrate 
is  le3s  positive  than  E  '  of  the  reversibly  e lec t rooxidized 
catalyst.  At  small  v  or  £  values  the  catalytic  reaction  rate 
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Fig.  1.  Cyclic  \'o  i  tamnog  rams  at  0.01  V/s  in  0.1  M  NaOH  for 
carbon  paste  electrodes  in  the  absence  ^a,c'  and  presence 
'  h  >  of  0.1  M  benzyl  alcohol.  Solutions  in  a  and  b  contain 
0, 'inmM  I;  paste  electrode?  contain  i'l]/{S0l]  ■  4.59  x 
10  Electrodes  in  a-d  contain  60,  GO,  52;  and  520rj  of  cor- 
oou  ,  respectively;  electrode  surface  area  0.091  cm4*. 
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tion  or  I,  0..  is  too  suu.ii. --ate  concentration  and  A  is  the 
e lec t r cde^sur^ace  area.  The  value  0,=  4.6  x  10  ' v  cm  /s  v.as 
found  from  the  a).ore  of  the  ROE  Lovl'ch  plot. 

Cyclic  vo  1  tommog rams  of  I  inmost,  lized  in  CPE  •;  denoted  bs 
CPf/PS- SOI ,  1/  ore  shown  j.n  rig.  lc  or.d  Id.  In  the  absence  of 
BA  the  oxidation  peak  current,  1  ,  at  CPE/PS-SO”, 1  is  direct¬ 

ly  proportional  to  /\T,  to  the  effective  electrode  surface  area 
A  ,,,  <**nd  at  low  loading  to  the  concentrerion  of  I  in  tha  ion 
QJtCnanger.  In  tho  presence  of  BA  in  a  solution  free  of  I  1 
at  CPE/PS-SO. , I  tends  to  be  indeoendont  of  v  at  slow  scan  P 
rates.  Por  calculating  k1  w<  ti3od  the  same  procedure  as  th8t 
opDliod  when  both  the  cafel'/nt  and  substrate  were  in  solution, 
sinco  the  natures  of  catalysis  and  transport  phenomena  are  the 
sane.  To  avoid  the  use  of  estimated  parameters  such  as 
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Tabla  1 

Catalytic  reaction  rate  constants,  k.,  calculated  from  ro¬ 
tation  rate  independent  i  data  at1  rotated  glassy  carbon 
electrode  for  oxidation  of  different  eubatratea  by  I  in 

0.1  M  NaOH. 


Substrate  kj,  M^s”1 


Senzyl  alcohol 

30.8  -  1.61  a)  :  28.2  -  1.5.'  C 

Methanol 

0.030  -  0.006.  a; 

Ethanol 

0.063  -  0.011'.  a) 

1-Prooanol 

0.074  -  0.004'  a) 

2-Propanol 

0.046  -  0.008: a) 

Ethylene  glycol 

0.0431  b) 

Acetone 

0.21  -  0.04(  a 

D-Glucose 

0.0034-;  b 

0-Maltose 

0.012'.  b' 

D-Lactose 

0.82;  b 

O-Mennitol 

0. 17(  b; 

Arginine 

0.  28:  b) 

a)  Reaction  order  verified  to  bo  first  order  in  ^  and 
paeudc-first  orde-  in  substrate, 
b  Calculated  from  results  at  one  substrata  concentration. 
'  c)  Calculated  from  results  et  carbon  paste  electrode. 


CP3-SG~ , I*  P  Co-  DFS-S0"  I  end  Aeff  which  are  neces98ry  f°r 
the  calculation  of  k  3eq.  (4!  wo a  normalized  to  oxidation 
peak  currents,  i  .  ,  expressed  by  the  Rand les-Sevcik  equation 
for  oxidation  of03!  in  the  obsence  of  substrate,  so  at  25°C 


=  7.77  n  v 


4/  S  P 


5) 


where  P  io  partition  coefficient  of  S  between  the.ioo  exchan¬ 
ger  and  solution.  The  calculated  k.  ■  10.8  +  4  M-is-1  is  within 
a  factor  of  three  the  same  as  the  corresDon3ing  homogeneous  k. 
for  electrocatalygis  when  both  I  and  BA  are  in  solution.  In 
0.1  M  NaOH  P  won  found  to  be  close  to  unity.  At  low  loadings 
^ PS-30”  i"  1,7  x  U(-m  /3*  results  of  electrocatalysis 

at  CPE^PS-SO”  I  are  interpreted  as  taking  place  entirely 
inside  tho  ldn~exchange  phase. 
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APPLICATION  OP  SURFACE  ENHANCED  RAMAN 
SPECTROSCOPY  TO  IN-SITU  CHARACTERIZA 
TION  OF  METAL/ SOLUTION  AND  SEMICOHDUC 
TOR/SOLUTION  INTERFACES 


M.JANIK-CZACHOR 

INSTITUTE  OF  PHYSICAL  CHEMISTRY, POLISH 
ACADEMY  OF  SCIENCES, WARSAW, POLAND 


Surface  Enhanced  Ramon  Spectroscopy  (SERS)  is  becoming  a  popular 
in  «:  ;ru  cechr.iqno  of  cwtact*  analysis  in  electrochemical  systems.  The 
tecnr.iquo  prtv  uies  j  molecular  specific  characterization  of  the  metal/ 
solution  interface.  gole  long  sought  by  electrochem- -  :s .  SERS  has  a 
possibility  of  giving  an  insight  into  such  important  problems  as: 

(I)  what  is  Che  chemical  identity  cf  the  atomic  or  molecular  species, 

(II)  v.-hat  is  orientation  of  these  species  with  respect  to  the  substra¬ 
te  surface,  and  (III)  what  is  nature  of  the  chemisorption  bond ir.g/ 1 , 2/. 
The  following  aspects  of  the  method  are  briefly  outlined: 

-  the  characteristic  features  of  the  surface  spectra 

-  the  molecular  generality  of  SERS 

-  determination  of  the  orientation  of  the  adsorbed  species 

-  effecc  of  surface  roughness 

Additional  increase  of  the  Raman  scattering  efficiency  through 
application  of  Resonance  Raman  technique  (SERRS)  is  discussed.  A  pos¬ 
sibility  of  the  investigations  of  surface  processes  on  iron  is  demon¬ 
strated  on  an  example  of  the  active  dissolution  of  iron  in  1,10  phe- 

nanthroline  containing  solution.  1,10  phenanthroline  is  an  inhibitor 
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of  chin  reaction.  There  have  been  speculations  in  the  literature  that 

the  metal  dissolution  goes  via  surface  complexes  with  phenanthroline . 

With  the  aid  of  SERRS  it  was  possible  to  identify  the  complexes  as 
+2 

Fe(phen)^  and  to  show  that  that  they  are  indeed  present  at  the  iron 
surface  during  its  anodic  dissolution,  Fig.L  /3 /. 

Regarding  the  semiconduct ive  character  of  the  passive  film  on  tran¬ 
sition  T.etal.i  various  aspects  of  SERRS  of  some  adsorbates  on  semicon¬ 
ductor  electrodes  with  a  discontinuous  Ag  overlayers  are  examined. 

This  method  has  heen  introduced  by  Van  Duyne  et  al.  / 4/  in  order  to 
study  adsorbates  on  GaAs  and  Si.  Fig. 2.  shows  an  example  of  SERRS  spec¬ 
trum  for  a  FeCphen)^  treated  n-CaAs  electrode  with  an  electroche- 
iP'c.cily  deposited  Ag  ove.-layer.  Since  the  above  mentioned  complexes 
have  an  absorption  maximum  at  ca.  510  nm,  an  estimate  of  the  resonance 
enhancement  contribution  to  the  signal  in  this  case  can  be  obtainec 
from  a  comparison  of  the  spectra  A  and  B  taken  at  457.9  nm  and  at 
514.5  nm,  respectively. 

A  possibility  of  application  of  this  method  to  studies  of  adsorbates 
on  passive  metals  is  discussed. 


1.  R.P.Van  Duyne,  in  "Chemical  and  Biological  Applications  of  Lasers", 
vol.4,,  Acadenic  Press,  N .York  1979,  p.101 

2.  L.R  .Burke  et  al.,Adv.  in  Chemistry  201 ,  69  (1982) 

3.  R.P.Van  Duyne,  M . Janik-Czachor ,  JECS  U0.2320  (1983) 

4.  R.P.Van  Duyne ,J .P . Haushalter ,M .Janik-Czachor .N.Levinger ,  J.phvs. 
Chem.,iri  press 


02390 


I 

ELECTROCATALYTIC  PROPERTY  OF  ALLOYS  BETWEEN  GROUP  VIII  AND 
IB  METALS  TOWARDS  OXIDATION  OF  SIMPLE  ORGANICS 

M.  ENYO ,  A.  ARAMATA,  and  K.  MACHIDA 
Research  Institute  for  Catalysis,  Hokkaido  Unversity, 
Sapporo,  060,  (Japan) 


A  synergetic  effect  of  appreciable  extent  was  seen  in  the 
electrocatalytic  activity  of  Pd-Au  alloys  in  the  HCOOH/HCOO- 
oxidation  in  acidic  and  alkaline  solutions,  as  well  as  of  Ni-Cu 
alloys  in  the  HCHO  oxidation  in  alkaline  solution. 

Elecro-oxidation  of  CH3OH  is  sluggish  and  hence  realiz¬ 
ation  of  methanol  fuel  cells  awaits  strongly  the  developement 
of  electrodes  of  high  electrocatalytic  activity.  The  situation 
is  rather  different  in  the  case  of  electro-oxidation  of 
methanol-related  compounds,  HCHO  and  HCOOH.  As  is  known, 
eloctrto-oxidntion  of  HCHO  in  acidic  media  is  not  much  dif¬ 
ferent  from  that  of  CH3OH,  but  it  is  far  more  facile  in  basic 
media  such  that  the  oxidation  starts  at  potentials  as  negative 
an  0v  PKE.  Further,  Pt  is  no  longer  the  best  electrode 
materia '  and  Cu  or  Pd  may  instead  be  used  in  the  HCHC  or  HCOOH 
■y.  ectro -oxidation,  respectively.  An  interesting  task  that 
follows  is  the  use  of  alloys,  particularly  those  between  group 
VIII  and  IB  metals:  These  alloy  systems  have  long  been  the 
subject:  of  resea  rones  in  catalysis  in  connection  with  the  topic 
on  the  d-band  electronic  factor.  Furthermore,  it  is  known  that 
electro-oxidation  of  alkaline  HCHO  on  group  IB  metals  was 
accompanied  with  the  co-production  of  H?,  whereas  the  hydrogen 
was  simultaneously  oxidised  on  group  VIII  metals.  Results 
observed  on  the  electrodes  of  Pd-Au  and  Ni-Cu  alloys  are 
described  in  this  report. 

Foils  of  Pd-Au  alloys  or  plates  of  Ni-Cu  alloys  of  various 
composition  were  used.  The  surface  compositions  at  various 
stages  were  examined  by  means  of  XPS  or  of  electrochemical 
adsorption  behaviours  revealed  in  potential  sweep  curves:  Some 
of  them  will  be  presented  later,  but  otherwise  the  electro¬ 
catalytic  activity  data  are  presented  below  in  terms  of  nominal 
bulk  compositions  as,  whatever  is  the  surface  composition,  the 
main  interest  at  present  may  be  grasped  on  the  bulk  composition 
basis.  True  surface  areas  of  the  electrodes  needed  to  compare 
specific  levels  of  the  electrocatalytic  activity  were  evaluated 
mainly  from  the  d.l.  capacitance  data. 

Exectro-oxidation  of  CH3OH  on  Pd-Au  alloys 

The  Pd-Au  alloys,  as  well  as  the  pure  components,  are 
practically  inactive  towards  the  CH3OH  electro-oxidation  in 
acidic  media,  but  have  appreciable  activity  in  alkaline  media. 
Typical  potential  sweep  curves  in  1M  NaOH  are  shown  in  Fig.  1: 
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Pd  and  PdggAu^g  alloy  are  the  most  active  whereas  the  activity 
rapidly  decreases  with  decrease  of  the -Pd  content.  Closer 
investigations  have  indicated  a  minor  degree  of  synergetic 
effect  in  the  electrocatalytic  activity  with  the  maximum 
activity  around  the  PdggAu-jg  composition. 

Surface  analysis  by  means  of  an  XPS  technique  indicated, 
in  agreement  with  some  reports  in  the  literature1'2  that  the 
surface  composition  in  these  alloys  is  approximately  the  same 
with  the  bulk  composition.  Nevertheless,  in  view  of  various  - 
inaccurate  factors  involved  in  this  technique,  and  of  some 
differences  indicated  between  these  data  and  those  from 
electrochemical  adsorption  experiments3,  further  investigations 
may  be  required  in  order  to  specify  precisely  the  surface 
composition  of  the  maximum  activity. 

Electro-oxidation  of  HCHO  on  Pd-Au  alloy  electrodes 

The  reaction  in  acidic  solution  as  a  whole  is  not  very 
rapid.  Nevertheless,  the  maximum  oxidation  current  was  ob¬ 
served  on  the  PdggAu-tg  alloy".  The  reaction  was  exceedingly 
rapid  in  alkaline  solution  and,  in  that  case,  Au  was  the  most 
active,  followed  bv  Au-rich  Pd-Au  alloys.  These  have  been 
reported  elsewhere  . 

Electro-oxidation  of  KCOO-  on  Pd-Au  alloy  electrodes 

Potential  sweep  curves  obtained  during  the  HCOO~electro- 
oxidaticn  in  alkaline  solutions  are  shown  in  Fig.  2.  While  Au 
and  Pt.  are  inactive  towards  this  reaction,  Pd  and  in  particular 
Pd-Au  alioyc  of  intermediate  composition  are  hie'  ly  active. 
Synergetic  effect  is  thus  significant  in  tnis  Co.a. 

Electro-oxidation  of  !fC.’!0  on  Ni-Cu  alloy  electrodes 

Open-circuit  rest  potential  data  on  the  Cu-Ni  alloy  elec¬ 
trodes  indicated  that  the  electrocatalytic  activity  towards  the 
alkaline  HCHO  oxidation  was  the  highest  on  the  Cuggni-M  alloy, 
as  shown  in  Fig.  3.  This  -was  substantiated  by  the  oxidation 
current  uata  read  arbitrarily  at  0.10V  RHE  on  the  potential 
sweep  curves  but  not  quite  by  those  on  the  Tafel  lines. 

Co-production  of  H2  during  the  HCHO  electro-oxidation, 
measured  by  a  volumetric  technique,  was  absent  on  the  Ni  (and 
Pt)  electrode,  close  to  equimolar  with  the  amount  of  electro¬ 
oxidation  of  HCHO  on  the  Cu  electrode,  and  distributed  on  a 
smooth  curve  connecting  these  component  metals  on  the  Ni-Cu 
alloy  electrodes.  The  alloy  electrodes  thus  behaved,  roughly 
speaking,  as  if  they  are  mixtures  of  the  component  metals. 
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0.5M  HCOONo 


Fig.  1(left).  Potential  sweep  curves  during  electro-oxidation 
of  1 M  CH3OH,  1  M  NaOH  on  Pd-Au  alloy  electrodes  at  30°C. 
Sweep  rate;  50  mV  sec-'. 


Fig.  2(right).  Potential  sweep  curves  during  electro¬ 
oxidation  of  0.5M  HCOO"  in  1M  or  0.1  M  NaOH  on  Pt  and  Pd-Au 
alloy  electrodes  at  30°C.  Sweep  rate;  50  mV  sec-'. 


Fig.  3.  Rest  potentials  Er 
and  anodic  oxidation 
current  i  at  0.1  V  RHE 
in  0.2M  HCHO ,  1  M  NaOH 
as  a  function  of  com¬ 
position  of  the  Ni-Cu 
alloy  electrodes, 
i (solid  curve)  is  read 
from  potential  sweep 
curves  and  i( dotted 
curve)  from  the  Tafel 
lines. 
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TEE  INFLUENCE  OF  TIN  ON  THE  ELECTROOXIDATION 
OF  CHEMISORPTION  PRODUCTS  DERIVED  FROM  METHANOL 

JERZY  SQBKOWSKI  and  KRZYSZTOF  FRANASZCZUK 
Department  of  Chemistry , Warsaw  University , Warszawa  (Poland) 


The  alectrocatalysis  of  the  oxidation  processes  of  many 
organic  compounds  by  the  foreign  metals  adsorbed  on  platinum 
electrode  was  studied  by  many  authors.  However,  the  role  of 
the  electrodeposited  metal  is  not  clear  yet. 

In  the  so  called  "third  body  effect"  mechanism  it  is  be¬ 
lieved  that  ad-atoms  hinder  the  formation  of  the  strongly 
bounded  intermediates  and  prevent  poisoning  of  the  electrode 

*1  mm 

surface  so  the  specific  properties  of  the  deposited  layer 

4—6 

play  only  a  secondary  role,  m  other  works  xt  is  assumed 
that  the  deposited  metal  -  which  is  oxidised  easier  than 
platinum  -  can  serve  as  an  oxidant  for  organic  species  ad¬ 
sorbed  on  platinum  sites.  Hones,  the  oxidation  of  organic 
substances  con  be  ob sorted  in  the  less  positive  range  of  po¬ 
tentials  than  that  on  the  puro  platinum  electrode. 

The  eloetrocataiytic  effects  of  ad-loyerB  are  mainly  stud- 
xed  with  vol anmmatric  method.  However,  as  was  found  recently  , 
the  interpretation  of.  current-potential  data  is  ambiguous 
because  the  underpctentia.1  deposition  of  ad-atoms  alter  the 
double  layer  capacitance  and  the  charge  on  the  metal  surface. 
Moreover,  the  oquilibr:.  urn  of  ad-atoas  on  the  electrode  sur¬ 
face  may  not  bo  attai.  .ed  quickly  enough  and  the  competition 
with  anions  adsorption  from  the  bulk  of  the  solution  may  oc¬ 
cur.  Hence,  the  kinetics  of  underpotential  deposition  of  ad- 
-atoms  can  be  controlled  by  various  processes  which  influence 
the  shape  of  poteutiodynamic  curves.  Therefore,  the  independ¬ 
ent  method  of  surface  concentration  determination  of  electro- 
deposited  metal  is  needed  to  recognize  the  mechanism  of  upd 
process . 


In  this  work:,  the  influence  of  adsorbed  tin  and  tin  (IV) 
ions  on  the  oxidation  of  methanol  chemisorbed  species  as  well 
go  tho  methanol  from  the  bulk  of  the  solution  were  studied  on 
platinum  electrode.  Voitammetric  and  radiometric  methods  were 
used.  Tho  latter  method  directly  monitors  the  mass  flux  during 
the  upd  of  tin-121  as  well  as  electrode  coverage  by  methanol 
C— 14  chemisorbed  species. 

The  measurements  have  been  carried  out  in  0.5  and  5  M 
H-pSQ^  solutions  at  ambient  temperature.  The  poly  crystalline 
platinum  was  used. 

From  the  values  of  the  number  of  sites  occupied  by  one  ad¬ 
sorbed  tin  species  and  from  the  number  of  electrons  required 
for  oxidation  of  adsorbate  follows  that  tin  is  deposited  as 
tin  (II)  species  o.g.  hydroxy  or  sulphate  complexes.  The 
kinetics  cf  adsorption  as  well  as  desorption  are  rather  slow 
processes.  Tho  desorption  of  tin  from  the  electrode  surface 
is  easier  in  concentrated  (5  M)  than  in  diluted  (0.5  K)  solu¬ 
tion  of  sulphuric  acid.  This  process  is  accelerated  by  cyclic 
pclarisati on  of  the  electrode. 

Tho  coverage  cf  platinum  elaotiodo  surface  by  tin  species 
deer. -a sou  the  coverage  by  chemisorbed  species  of  methanol. 

TJro  surface  coverage  by  methanol  chemisorbed  species  on  the 
oloctrode  modified  by  tin  is  lower  than  that  in  tho  absence 
of  tin  on  the  platinum  surface. 

The  promotion  offoct  of  methanol  chemisorbed  species  oxi¬ 
dation  by  tin  is  limited  to  the  narrow  range  of  potentials. 
Below  0.4  V  tin  has  no  offoct  on  the  oxidation  process  and 
above  0.8  V  the  inhibition  of  this  process  is  observed. 

In  the  prosence  of  methanol  and  ions  in  the  solution 
tho  decrease  of  the  oxidation  peaks  of  methanol  is  observed. 
Only  in  the  potential  rango  of  0,4  -  0.6  V  in  anodic  scan  the 
oxidation  current  is  higher  in  the  prosence  of  tin.  The  simi¬ 
lar  effect  was  obtained  when  tin  was  first  adsorbed  and  then 
removed  from  tne  solution  by  washing  procedure.  It  is  an  evi¬ 
dence  that  the  enhancement  of  the  oxidation  current  of  me- 


thanol  on  platinum  is  due  to  the  presence  of  tin  on  the  elec¬ 
trode  surface. 

The  obtained  results  are  only  in  moderate  agreement  with 
the  data  of  other  authors.  The  reason  is  that  there  are  many 
factors  which  influence  the  eloctrocatalytic  processes,  namely 
the  state  of  the  electrode  surface  (smooth  or  rough  with  vari¬ 
ous  roughness  factor,  poiycrystalllne  or  oonocrystals) ,  the 
kind  of  supporting  electrolyte  (different  energies  of  ad-atoms 
adsorption  on  platinum  owing  to  the  competition  with  anions 
adsorption  and  complex  formation  in  the  bulk  of  the  solution) , 
the  concentration  of  adsorbed  substance  ( solfiahibition)  the 
sequence  of  addition  of  tho  fuel  and  promotor  to  the  support¬ 
ing  electrolyte  (preadsorption  of  one  component  influences  the 
adsorption  of  the  second  one),  the  range  of  polarization  po¬ 
tentials  etc.  Hence,  the  results  could  be  hardly  reproduced. 
Recently  the  structural  effects  on  the  electrooxidation  of 

n  q 

methanol  was  clearly  demonstrated'*  .  Because  the  polycrystal- 
line  electrode  after  prolonged  cyclic  polarization  exhibits 
the  reproducible  voltammograms,  it  seems  to  be  still  suitable 
object  for  the  3tudy  of  electrocatalysis  and  promotion  effects 
of  ad-atoms  and  other  species. 
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THE  HYDROGEN  EVOLUTION  REACTION  ON  PLATINUM  IN  THE  PRESENCE  OF  ADSORBED 

CARBON  MONOXIDE 

E.  P.  M.  LEIVA,  E.  SANTOS  and  T.  IWASITA 

Institute  for  Physical  Chemistry,  University  of  Bonn, 

0-5300  Bonn,  Germany 


Introduction 


The  hydroyen  evolution  reaction  (HER)  on  platinum  in  the  presence  of  different 
adsorbates  has  been  the  subject  of  several  investigations  (1-4). 

Early  measurements  in  the  presence  of  submonolayers  of  CO  showed  a  dramatic 
inhibition  while  As  adatoms  and  reduced  CO,  let  the  HER  practically  unaffec¬ 
ted  /l/.  In  the  case  of  Cu  subnonolayers  111  the  decrease  of  the  rate  of  hy¬ 
drogen  evolution  was  correlated  with  a  diminution  of  the  number  of  p.irs  of 
Pt-sites  free  from  adatoms.  Similar  experiments  carried  out  with  Pb,  Cd  and 
T1  aoatoms  also  showed  an  inhibition  of  the  recombination  reaction  at  low  co¬ 
verage  of  adatoms.  At  high  values  of  0  a  change  in  the  rate  controlling  step 
v/as  reported  / 3/. 

More  recent  results  /4/  show  that  low  coverages  of  CO  (  up  to  0  =  0.6)  pro¬ 
duce  a  relatively  small  decrease  of  the  current  density  at  constant  overvol¬ 
tage.  For  larger  CO  coverages  a  rapid  decrease  of  the  reaction  rate  v/as  ob¬ 
served.  However  a  mechanistic  interpretation  of  these  facts  was  difficult  to 
assert . 

In  order  to  control  the  surface  structure  of  tne  metal  the  use  of  single  crystals 
would  be  desirable  in  these  investigations.  An  electrochenical  procedure  recen¬ 
tly  developed  by  Arvla  and  co-workers  /5/,  makes  possible  to  produce  preferred 
oriented  (PO)  po iycrystall i ne  Pt  electrodes,  which  exhibit  an  stabilizeu  elec- 
trochrrrcal  behaviour  close  to  that  of  single  crystal  surfaces. 

'■■'j  have  applied  this  technique  to  get  the  (PC  111  Pt)  and  (PO  100  Pt)  surface 
used  in  the  present  work. 

Experimental  techri que  and  results 

The  hydrogen  evolution  reaction  on  preferred  oriented  Pt  surfaces  was  studied 
at  low  currert  densities  in  tie  presence  of  adsorbed  CO.  The  workinq  electrode 
wjs  a  rotating  Pc  cylinder.  The  potentials  were  measured  against  a  hydrogen 
elect  rone  in  1M  PC  10^. 

After  setting  a  monolayer  of  absorbed  CO,  a  flux  cell  technique  was  employed 
to  change  the  CO  saturated  solution  by  fresh  e'ectrelyte.  The  coverage  was 
reduced  to  the  desired  value  by  means  of  an  anodic  sweep  and  the  hydrogen  co¬ 
verage  was  monitored.  The  solution  was  then  saturated  with  hydrogen  and  a  set 
of  stationary  galvanostatic  measurements  was  taken.  Finally  the  solution  was 
replaced  aqain  by  the  supporting  electrolyte  and  the  hydrogen  coverage  was 
verified  for  a  second  time.  This  procedure  was  repeated  for  each  coverage. 

The  degree  of  coverage,  0,  is  reported  here  as  the  surface  fraction  blocked 
for  hydrogen  adsorption. 

Semilogarithmic  current-potential  curves  are  shown  in  Fig.  1  for  the  (PO  100  Pt) 
and  (PO  111  Pt)  surfaces. 
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It  can  be  observed  that  for  9—0  both  P0  electrodes  show  the  same  behaviour. 
For  large  CO  coverages  the  HER  is  strongly  inhibited  at  the  (PO  100  Pt)  surfa¬ 
ce.  There  is  a  close  similarity  between  cur  result  for  (PO  100  Pt)  and  that 
for  polycrystalline  platinum  /4/  . 

Conclusions 

It  is  difficult  at  the  present  stage  of  the  investigation  to  give  a  unique 
explanation  to  the  above  experimental  findings.  Adsorbed  CO  on  PO  surfaces 
shows  distinctive  oxidative  behaviour  /6 / .  It  is  therefore  not  surprising  to 
observe  also  a  d if'oror s  effect  on  the  HER. 

If  couVj  bo  possible  that  the  the  existence  of  different  degrees  of  order  fcr 
the  adsorbed  CG  monolayer  causes  an  effect  similar  to  that  observed  for  Cu 
adatoms  /?/  .  According  to  this,  ordered  arrangements  of  adatoms  are  more 
effect i 'e  to  inhibit  the  recombination  of  H  atoms.  However,  as  pointed  out  in 
Ref.  /A/  th?  decrease  of  catalytic  activity  with  increasing  CO  coverage  bet¬ 
ween  0  and  0.5  is  smaller  than  expected  if  we  assume  H-H  recombi ration  as  the 
rate  determining  step. 

A  second  possibility  could  be  fomulated  by  assuming  a  modification  cf  the  free 
Pt  site  by  the  adsorbed  CO.  It  .is  well  known  that  CO  adsorbes  at  the  Pt-solu- 
tion  i  torface  in  at  least  two  forms  /?/  (linear  and  multibonded)  which  posess 
different  electronic  properties  /8/.  The  ratio  of  this  adsorbed  species  should 
depenr  cn  the  kind  of  PO  surface  ,  thus  creating  different  conditions  for  the 
hydrogen  evolution  reaction. 
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Glassy  carbon  as  an  electrode  inaterial  is  of  interest  in  electroanaly- 
tical  research  due  to  the  innert  behaviour  in  the  electrochemical  environment. 
Glassy  carbon  shows  a  good  conductivity  and  relatively  poor  catalytic  activity. 
Hence,  in  this  worn  glassy  carbon  has  been  used  as  a  support  for  catalytic  co¬ 
at  ing  made  on  the  basis  of  RuO,, ,  which  is  well  known  as  an  elecfrocat  alist  for 
gn.:>  evolvut  ■  rear.* ions. 

Fsv  i-aonta- .  Two  ivp&c  of  glass y  carbon  were  examined  ("Sigradub"  -^Sigri. 
•  i  •fitstny:  I.  -•  low  temperature  ( 1000  C  l  and  H-hign  temperature  (2500  C)  an 
r.ealodi.  The  cri  stability  of  the  samples  was  checked  by  X-ray.  As  expected 
much  higher  diffraction  peaks  of  the  high  temperature  sample  wr"  obtained 
Tig-  1. 

Cyclic  voltammetry  was  used  for  surface  characterisation. The  bate  of 
glassy  car  ben  rods  (  0.1  cm*")  was  brought  in  contact  with  the  electrolyte 

by  touching  their  surfaces.  The  surface  tension  kept  the  contact  through  the 
c-xj  criment. 

The  base  was  subsequently  activated  with  RuO„  via  standard  thermal 
route.  RuCl^  solution  in  isopropyl  alcohol  was  applied- at  the  carbon^surface . 
After  the  evaporation  of  the  solvent  the  samples  were  heated  at  400  C  in  air. 
The  activated  samples  were  examined  by  cyclic  voltammetry  also,  aftc^r  each 
RuC-2  layer.  The  content  of  Ru  in  a  layer  was  estimated  to  l>e  2.5  x  10  mmol 
cm4-. 

Results  ard  discussion.  The  cyclic  voltammograms  (in  three  different  elec¬ 
trolytes)  in  the  potential  range  in  which  the  gas  evolution  reactions  on  RuO., 
are  absent  wore  taken  pn  >r  to  the  activation  of  the  surface.  The  charge  asso¬ 
ciated  with  the  cycle  (  Pig.  2i  when  a  steady  state  was  achieved  is  presented 
in  table  1.  Two  obvious  tendences  of  the  charge  changes  can  be  distinguished. 
First  of  all,  the  charge  increases  with  the  pH  value  of  the  electrolyte  .  Secon¬ 
dly,  the  charge  is  larger  electrode  annealed  at  higher  temperature. 
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la  the  presence  of  Ru00  at  the  surface  a  rather  unexpected  dependence 
of  the  charge  on  the  numer  of  applied  layers  was  found  ("ij.  1 1 .  Normally,  a 
steady  increase  of  the  charge  with  the  quantity  of  RuO^  bn  the  substrate  is  found. 
However,  here  a  maximum  at  the  second  layer  was  observed,  while  the  steady 
increase  started  only  after  a  third  layer  was  applied.  The  only  resonable  corre¬ 
lation  at  this  point  could  be  made  with  the  crystal  formation  and  growth  of  RuO., 
layer.  In  order  to  clarify  the  roles  of  the  substrate  and  the  solvent  (from  which 
the  layers  of  RuO^  are  formed)  experiments  have  been  undertaken  with  the  fol¬ 
lowing  parameters  changed: 

-  solvent  concentration 

-  solvents  other  than  alcohol 

-  salts  yielding  similar  layer  structure  to  RuO^ 

-  the  roughness  of  the  substrate. 
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difraction  angle  difr3Ction  angle 

Fig.l.  X-ray  difraction  for  law  (L-1000UC)  and  high(H-2500  C) 
temperature  annealed  glassv  carbon. 


m 

Q  (jjCcrrf  2) 

1M  HCiOi 

1M  NaC!04 

1M  NaOH 

L 

8.43 

10.85 

35D7 

H 

33.08 

57.08 

60.48 

Table  1.  Charge  derive  !  from  the  cyclic  vollhmmograms  of 
polished  samples 


03020 
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Ritsumeikan  University,  Tojiin  Kitanachi ,  Kita-ku, 
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Polarization  behaviours  of  the  silver  -  silver  oxide  electrode  in  KOH 
solution  containing  a  small  amourit  of  yttrium  (III)  chloride,  copper  (II) 
chloride,  zinc  (II)  acetate,  or  tin  (IV)  chloride  were  investigated  by 
potentiostatic  and  galvanostatic  polarization  methods.  It  is  another 
purpose  to  increase  the  capacity  of  a  silver  -  silver  oxide  electrode. 

The  coulombic  areas  under  all  peaks  on  cyclic  voltammograms  which  corres¬ 
pond  to  the  capacity  were  increased  by  the  addition  of  the  these  metal  salt. 
The  capacities  of  positive  electrodes  formed  on  silver  plates  measured  by 
galvanostatic  discharge  were  Increased  by  the  addition  of  these  compounds  in 
accordance  with  the  observations.  Especially,  the  addition  of  yttrium 
salt,  copper  salt,  or  zinc  salt  was  effective  in  increasing  the  capacity. 

The  active  materials  of  the  electrode  grew  into  big  crystals  at  the 
absence  of  the  these  metal  salts,  while  the  addition  of  metal  salts  led  to 
che  formation  of  fine  crystals  which  were  observed  by  SEM.  The  increase 
in  electrode  capacity  caused  by  the  addition  of  these  compounds  seems  to  be 
assured  of  the  formation  of  such  finely  crystalline. 

It  has  been  concluded  that  this  behaviour  of  the  electrode  can  be 
explained  by  the  adsorption  and  the  desorption  of  colloidal  species  proaused 
inure  the  added  yttrium  (III)  chloride  during  charge  and  discharg,  and  by  the 
ads' motion  of  ionized  species  prodnsed  from  the  added  copper  (II)  chloride , 
sine  (II)  acetate,  cr  tin  (17)  chloride  during  charge. 

Experimental 

The  experiments  were  carried  out  ir.  a  I  (-type  glass  cell  at  PC.  15  i". 

The  working  electrode  was  a  silver  plate  of  lem-  of  geometrical  area  which 
was  polished  with  abrasive  paper,  ref.  1000,  and  coatea  with  epoxy  resin  on 
its  bach  side.  The  counter  electrode  was  a  platinum  plate  of  2 . ?.-■  tri. 
The  electrode  potential  were  measured  against  Kg/HhO/'hTM-KTH  reference 
electrode.  An  aqueous  ‘T.7M-KCH  solution  was  used  as  a  standard  solution. 
YCl3*6H20,  CuCl2*2H20,  Zn ( CH3COO ) 2 • 2HyO ,  or  ZnClij.HZC  was  added  into  the 
standard  solution  to  prepare  a  1x10” 3  mol/1 (4.7M-1TH)  solution. 

All  voltanrnograms  were  obtained  at  a  sweeping  rate  of  dl. 7  mV/sec. 

All  potential  -  time  transient  curves  were  obtained  under  the  constant 
current  density  of  1  mA/crn^. 
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Results  and  Discussion 

The  potential  -  time  transient  curves  under  anodic  and  cathodic  tolari- 
zatlon  on  a  silver  -  silver  oxide  electrode  in  a  U.TM-KOH  standard  solution 
were  shown  by  the  solid  lines  in  Fig.  1,2,3,  and  "ext ,  only  electro¬ 

lyte  was  converted  to  the  solutions  containing  the  metal  salts.  The  other 
conditions  were  kept  uncharged,  and  the  curves  were  shewn  by  the  dotted  lir.es 
in  F'g.  1,2,3,  and  tl.  In  Fig.  1*2*3,;{,  all  curves  were  obtained  after  the 
steady  conditions  were  achieved.  The  cyclic  voltamogr-sns  in  a  standard 
solution  wore  shewn  by  the  solid  lines  in  Fig.  5,  and  the  curves  obtained  ir. 
the  solutions  containing  netal  salts  were  shown  by  the  dotted  lines  in  Fig. 5- 
From  these  results  and  the  observations  with  SHI'! ,  the  following  mecha¬ 
nism  are  proposed.  It  is  considered  that  the  yttrium  salt  added  Into  the 
standard  solution  is  reacted  as  follows. 

YCI3  w  3  KOH  - t  Y(0H)3  +  3  KC1  (1) 

Further,  yttrium  (Til)  hydroxide  is  influenced  ry  alkaline  ion,  and  leads  to 
soluble  colloidal  species.  It  is  presumed  that  crystal  grewtn  of  Ag  in 
the  active  point  cn  Ag  plate  is  controlled  by  adsorption  of  this  colloidal 
species  and  is  probably  forced  to  deposit  in  other  points  during  cathodic 
process.  As  a  result  of  this  presumption  the  fine  crystals  of  the  active 
materials  were  observed  by  SEJi.  Besides,  the  conditions  of  the  distribu¬ 
tion  of  crystal  depositions  on  Ag  plate  were  extremely  satisfactory  as  well 
as  case  of  the  addition  of  undermentioned  copper  salt. 

In  the  case  of  cooper  salt, 

CuCl2  +  2  KC-H  - *  Cu(CH)2  +  2  K'Jl  (2) 

Cu(0H)2  +  2  KOH  - »  K2Cu02  +  2  H20  (3) 

KpCuO?  2  K+  +  Cu022-  (M 

or, 

Cu(OH)2  5==iCi;2+  +  2  OH”  (5) 

In  the  case  of  sine  .salt, 

Zn(CH3COO)2  +  2  KOH  — ■*  Zn(OH)?  +  2  CHtCOOK  (5) 

Zn(0I-i)2  +  2  KOH - *•  K?Zr.02  +  2  HpO  '  (7) 

KyZnOp  2  +  Zn022~  (3) 

In  the  case  of  tin  salt, 

SriClH  +  If  KOH  - *■  3n(OH)if  +  4  KC1  (?) 

On  (OH)  If  +  2  KOH - *•  K2Sn03  +  3  H2G  (U) 

K2O11O3  b==s  2  K+  +  Sn032-  (11) 

It  is  presumed  tfiat  these  ionized  Cu02^~,  Zr€2^~,  or  SnOy?-  are  adsorb¬ 
ed  or.  Ag  formed  cn  Ag  plate  during  an  anodic  polarization  process,  and  copper 
nay  be  faintly  codepcsit  with  Ag  during  cathodic  process. 

Therefore,  it  has  been  concluded  that  the  active  materials  on  the  silver 
-  silver  oxide  electron’s  were  formed  as  the  fine  crystals  by  the  actions  cf 
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OXYGEN  EVOLUTION  REACTION  ON  PEROVSKITE  COATED 
NICKEL  ELECTRODES  IN  ALKALINE  SOLUTION 

W.  .SCHNURNDERGER 

DFVLR  Institut  fur  Technische  Thermodynamik 
D-7000  Stuttgart-80  (Germany) 


The  eleetrocata lytic  properties  of  various  Perovskites  Me^Co^O^ 
O'.e  -  Lanthanide,  Transition  Metal)  are  very  promising  with 
respect  to  oxygen  evolution  in  alkaline  solution.  For  technical 
application,  metal  electrodes  have  to  be  coated  with  Perovskites. 
By  moans  of  Low-Pressure-Plasma-Spraying  (LPPS),  Perovskite  pow¬ 
ders  have  been  applied  on  nickel  electrodes. 

In  Fig. 1  the  Scanning  Electrode  Micrograph  of  a  plasma-sprayed 
LaCoO.  surface  is  given.  The  oxygen  evolution  reaction  has  been 
studied  in  25wt%  KOH  solution  at  various  potential  sweep  rates 
and  temperatures  up  to  about  80°C. 

Cyclic  vclt.ar.ciograms  of  the  LaCoO^/Ni-electrode  are  given  in 
Fig. 2 ,  indicating  a  surface  redox-reaction  prior  to  the  oxygen 
evolution.  From  the  dependence  of  the  peak  current  density  on 
potential  sweep  rate  for  both  anodic  and  cathodic  reaction, 

S 

Fig. 3 ,  a  reversible  redox-reaction  (Co-II/Co-III )  can  be  sug¬ 
gested  at  2>.°C  and  78°C. 

With  increasing  potential  the  oxygen  evolution  reaction  is  ob- 
set  zed .  In  Fig.  •(  the  Tarel-plots  for  a  plasma-sprayed 
( '  !  G.  .  ,  (Co  Ni,  .  '  0-.  /M  1-el  ectrode  are  given.  At  low  current 

K  1  "  :  ‘  j  j 

dvn.n  •.fits,  cl  slopes  about  60  mV/decade  have  been  observed, 
independent  from  temperature  m  the  range  22°C  to  7&‘JC. 

These  results  matcate  the  suitability  of  Low-Pressure-Pi tsma- 
Spraying  for  application  of  oxide-catalysts  on  electrodes  for 
alkaline  water  electrolysis. 
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THE  INFLUENCE  OF  CONTINUOUS  IMPACTING  OF  PASSIVATED 
IRON  ELECTRODES  ON  THEIR  SEMICONDUCTOR  BEHAVIOR 

A,  PINKOWSKI  and  K.P.  THIESSEN,  Academy  of  Sciences  of  the 
GDR,  Central  Institute  of  Physical  Chemistry,  Berlin  (GDR) 
iC,  fflESENER,  Technical  University  of  Dresden,  Department 
of  Chemistry.  Dresden  (GDR) 


1.  Introduction:  The  aim  of  the  present  work  is  the  determi¬ 
nation  of  changes  in  the  electronic'  properties  of  continually 
impacted  passivated  iron  electrodes  by  means  of  capacitance 
(C)  measurements  in  dependence  on  the  potential  (V)  for  a 
constant  thickness  of  the  passive  layer.  The  simulation  of 

an  ero3ion-like  mechanical  treatment  (MT)  was  realized  by 
applying  a  rotating  disk  electrode  immersing  in  a  bed  of 
glass  beads  of  diameter  0.6-0. 8  mn  suspended  in  the  electro¬ 
lyte.  In  the  experiments  with  MT  both  the  passivation  process 
as  well  as  the  C  measurement  were  carried  out  under  MT. 

2.  Experimental •  Iron  rods  (diameter  6  mm)  of  purity  99.97% 
and  a  deaerat .. v  1  N  HaNO^  solution,  borate  buffered  to  8.4 
were  used.  The  electrodes  were  prepared  by  polishing  and  el- 
ectropolishing.  The  passivation  potential  was  0,84  V  (all  po¬ 
tentials  vs.  she)  yielding  a  layer  thickness  of  3  nra  for  both 
without  and  with  MT.  Thus,  the  steady  state  layer  thickness 
it?  determined  by  the  applied  potential  and  not  by  MT,  The  C 
values  wore  corrected  by  a  roughness  factor  r  =  2. 

3.  Results:  Typical  0(V)  lines  sh;:?/  from  cathodic  toward  anc- 

1  2 

die  biasing  three  regions  ’  :  I  -  decreasing  of  C,  II  -  nearly 
constancy  of  C,  and  III  -  increasing  of  C.  The  most  striking 
feature  from  tho  experiments  is  that  the  C(V)  lines  under  MT 
are  shifted  to  higher  C  values  in  all  three  regions.  Further 
features  are  the  increased  under  MT  slopes  of  the  Kott- 
Schottky  plots  in  regions  I  and  III.  Finally,  independent  of 
MT  closer  inspection  of  region  II  showed  instead  of  constancy 
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of  C  two  small  however  distinguishable  C  minima.  This  inte¬ 
resting  detail  i3  discussed  elsewhere1*^. 

4.  Discussion:  The  discussion  will  be  basea  on  the  assunp- 

-  - - 

tions  made  by  considering  the  passive  layer  as  n-type  semi¬ 
conductor  with  Fe^  +  self interstitials  as  donor  centers  (cf. 

however  the  PIN  junction  approach  by'*  ).  Following  the  eva- 

2 

luation  procedure  by  the  semiconductor  data  of  table  1  are 
obtained.  As  can  be  seen  the  product  DN  is  enhanced  under  ill 

by  a  factor  2.6.  Since  D  of  the  iron  oxida  strongly  increases 

2+  2 

with  increasing  Fe  content  ,  the  enhancement  of  DN  can  be 
due  to  a  change  in  both  N  and  D.  D  can  be  obtained  from  the 
simple  condenser  relation  applied  to  region  II  ,  thus  we  can 
calculate  N  (cf.  table  1).  Obviously  the  enhancement  of  DN  is 
caused  by  an  increa30  of  D  as  well  as  of  N  by  about  the  same 
factor  1.6.  Since  d„„  wa3  not  significantly  altered  by  LIT  it 
follows  that  the  increased  under  MT  space  charge  has  to  be 
stored  in  a  space-  charge  layer  of  the  same  volume.  This  can 
be  understood  an  .vowing  new  states  in  the  gap  created  by  MT 
allowing  for  more  charge  carrie r3  to  be  stored. 

Having  in  mind  that  our  icind  of  MI  creates  fresh  surface? 
diuleccticna '  and  that  u  mechanical  damage  of  semiconduc¬ 
tor  surface  layers  produces  centers  for  radiat ionless  alec- 

r. 

tron-hclo  reccnbinat ion  and  further  that  on  mechanically 
polished  silicon  samples  seif interstitials  occured0,  our  in¬ 
creased  under  MT  donor  concentration  and  dielectric  constant 
are  not  surpris ingl.y . 

The  flatband  potential  is  shifted  under  MT  only  slightly, 
nevertheless,  the  shift  direction  is  in  accord  with  findings 

7 

on  mechanically  at  ruined  passivated  iren  corresponding  to 
a  change  from  n-  to  p-type  behavior. 

In  region  III  all  experimental  C  values  lie  below  the 
theoretical  curves  for  nondegenerate  semiconductor.  It  fol¬ 
low?  that  no  surface  states  can  supposed  tc  be  existent  even 
under  LIT,  since  surface  states  should  cause  the  experimental 
points  lying  above  the  calculated  lines1. 

Considering  the  degeneracy  of  the  valence  band  in  region 
III,  well  fitting  between  experimental  and  calculated  lines 
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is  achieved  for  the  values  given  in  table  1.  Thus,  the  effe 
tive  hole  mass  is  increased  under  MT  by  a  factor  4,  the  gap 
width  is  lowered  by  0.1  eV,  and  the  degeneracy  starts  at  a 
lowered  by  0.1  V  anodic  potential.  These  latter  findings 
qualitatively  agree  with  previous  results  on  alteration  of 

Q 

semiconductor  properties  under  energy  input  (for  detailed 
discussion  cf.^). 


Table  1 :  Semiconductor  data  of  passivated  iron  under  MT 


without  MT 

with  MT 

not  at  ion 

DN /cm-^ 

4.3* 1020 

2 1 

1.1.10 

D  =  dielectric  constant 

D 

10.5 

16.5 

N  =  donor  concentration 

N/cm "3 

i  q 

4. 1  •  i o 

<T\ 

CD 

• 

O 

va 

dsc  3  Debye  length 

dgc/mn 

0.9 

0.8 

VpB  =  flatband  potential 

Vpfi/V 

-0.06 

-0.04 

Vj  =  degeneracy  start 

Vdeg/V 

1.1 

1.0 

potential 

V*7 

1.5 

1.4 

E  =  gap  width 

meff 

0.5 

2.1 

neff  =  ef*ective  hole  mass 
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A  PIN  JUNCTION  MODEL  OP  THE  PASSIVE  FILM  ON  IRON 

A.  PINKOWSKI,  Academy  of  Sciences  of  the  GDR,  Central 
Institute  of  Physical  Chemistry,  Berlin  (GDR) 

K.  WIESENER,  Technical  University  of  Dresden,  Department 
of  Chemistry,  Dresden  (GDR) 


1,  Introduction:  The  capacitance  of  passivated  iron  is  deter¬ 
mined  by  the  outer  ferrite  layer  of  the  passive  film.  Here 
only  this  layer  will  be  considered.  Generally,  the  capacitan¬ 
ce  of  passivated  iron  in  neutral  electrolytes  from  cathodic 
toward  anodic  biasing  first  exponentially  decreases,  then  re¬ 
mains  nearly  potential  independent,  and  finally  rises.  This 
course  could  be  described  quantitatively  about  donor  exhau¬ 
stion,  condenser  behavior,  and  inversion  layer  contribution1. 
This  model  however,  basing  on  the  assumption  of  ferrite  being 
an  n-typo  semiconductor,  does  not  account  for  the  spatial 
nonstoichiometi'y  within  the  passive  film.  Considering  the 
nonatoichiometry  as  doping  a  heavy  doped  three  layered  PIN 
junction  results  consisting  of  a  middle  stoichiometric  i-type 
layer  sandwiched  by  an  adjacent  to  the  underlying  metal  n- 
type  layer,  and  an  cuter  p-type  layer,  facing  the  electrolyte. 
In  the  following  we  treat  first  the  capacitance  potential  de¬ 
pendence  of  a  graded  PIN  junction  and  consider  then  in  addi¬ 
tion  the  possibility  of  degeneracy  of  the  semiconducting  pas¬ 
sive  film.  Such  PIN  junction  structures  were  already  conside¬ 
red  for  the  passive  films  on  A1  and  Ta,  however  not  for  de¬ 
scribing  the  capacitance  potential  dependence. 


p 

2,  The  Model  :  In  a  first  3tep  the  capacitance  is  assumed  to 
be  composed  by  series  connection  of  the  capacitances  of  the 
p-,  i-,  and  u-tyDe  regions  reap.  acc.  to  (1) 


c-JL  •  c"1  +  c:1  +  c -1 

abr  o  i  n 


mA  *L£«y *«y.  • 


..  ji!»  t 


(1) 
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with  Cabr  *  capacitance  of'  the  abrupt  PIN  junction,  and 
Cp  i  a  =  capacitances  of  the  p-,  i-,  and  n-type  regions. 

Typical  of  naturally  (anodic  or  thermal)  grown  oxide  films 
are  rather  graded  junctions,  differing  from  abrupt  junctions 
by  diffusion  regions  between  the  p-  and  i-type,  and  the  i- 
and  n-type  parts  of  the  junction.  Those  diffusion  regions  are 
characterized  by  diffusion  capacitances.  Therefore,  in  a  se¬ 
cond  step  two  diffusion  capacitances  of  the  PI  and  IN  diffu¬ 
sion  regions  aro  taken  into  account  acc.  to  (2) 


,-1 

'grad 


^abr  + 


Cd!pi  +  Cd]lN 


(2) 


with  C _ ,  -  capacitance  of  the  graded  PIN  junction,  and 


grad 
and  ( 

For  the  calculation  of  the  single  capacitances  C 


^d  PI  2n^  ^d  IN  =  diffusion  capacitances. 


p*  i* 

C  in  (1)  the  ’/fell -known  theoretical  capacitance  potential 

a  2 
relations 


and 


:an  be  applied.  For  C,  Eq  (3)  holds 
pc  ,  a 

oD  D';K  |/3 

C  i  —  (  *:  trt  ' 


*1  FT? 


(3) 


dielectric  constant  of  the  semiconductor,  =  per¬ 
mittivity  of  free  apace,  K  -  impurity  gradient,  =  diffusion 

voltage,  and  V  =  electrode  potential.  Thus,  suitable  choosen 

—1  2 

parameters  give  straight  lines  in  a  (V)  plot  , 

Now  the  probability  of  the  onset  of  degeneracy  for  the  par. - 
sive  film  on  iron  shall  be  considered.  Degeneracy  can  be  at¬ 
tained  by  heavy  doping,  high  injection  rates,  carrier  genera¬ 
tion  about  energy  iaput ,  and  by  voltage  induced  band  bending. 
The  obtained  from  Mott-5chottky  plots1  or  from  fitting  between 

9 

experimental  and  calculated  C(V)  lines'"  carrier  densities  for 

20  — ? 

passivated  iron  (about  10  cm  )  lie  above  the  theoretical 

IQ  _  *3 

degeneracy  concentrations  (about  2.5*10  cm  ).  Nevertheless 
in  practice  the  limit  for  the  onset  of  degeneracy  i3  about 
one  order  of  magnitude  higher.  For  reasons  outlined  elsewhere 
in  detail-'  we  will  consider  here  oniy  the  possibility  of  de¬ 
generacy  by  voltage  induced  band  bonding.  Although  on  prin¬ 
ciple  degeneracy  can  start  in  accumulation  and  in  inversion. 
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with  passive  films  on  iron  only  degeneracy  in  accumulation 
seems  to  be  likely^.  Thus,  the  C(V)  lines  of  the  p-,  i-,  and 
n-typo  layers  3hall  be  composed  of  a  degenerate  in  accumula¬ 
tion  branch  and  a  nondegenerate  inversion  branch.  The  essen¬ 
tial  feature  of  the  present  degeneracy  approach  is  the  assump¬ 
tion  that  any  deviation  (lowering)  from  exponential  C(V)  de¬ 
pendence  is  caused  by  the  onset  of  degeneracy  necessitating 
the  application  of  the  well-known  C(V)  relation  for  degene¬ 


rate  semiconductor 


3.  Results;  The  approach  of  a  graded  PIN  junction  as  well  as 

+■  In  J  rt  M  rt  /»  t*  nil  -  \  i  <1  4  M/'  P  i  f  4  .4"  n  n 


the  degeneracy  approach  allow  quantitative  fitting  between 
experimental  and  calculated  C(V)  lino3  yielding  the  semicon¬ 
ductor  data  of  table  1.  Treating  the  PIN  junction  as  diode 
the  main  DC  resluts  obtained  in  the  literature  'under  injection 
conditions  can  easy  be  explained1'.  As  proof  of  the  degeneracy 


approach  the  transfer  and  partition  coefficients  can  be  used  „ 


Table  1 :  Semiconductor  data  of  the  passive  film  on  iron 


ref.  2  ref.  3 
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1.0 

0.14 


D_  ,  _  =  dielectric  con- 
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stants  of  the  p-,  i,  and 


about  10 


aeff (n,p) 


n-type  regions  resp.; 

^A,ni’^D  =  accePtor»  in_ 
trinsic  and  donor  density; 

ffief f (n,p )  =  effecti7e 


electron  and  hole  masses 
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COPPER  REMOVAL  IN  THE 
FALLING-FILM  CELL 


J.  LEGRAND+,  J.M.  MARRACINO++  and  F.  COEURET 
CNRS/ENSCR  -  Av.  General  Leclerc  35000  RENNES-BEAULIEU  (France) 
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One  interesting  field  of  application  of  the  Falling-Film  cell  ’  is  the 
electrolytic  recovery  of  metals  from  dilute  solutions.  The  inclined  plane  plate 
is  the  cathode  (Figure  1)  and  the  electrolyte  is  flowing  as  a  film  (three 
regimes  are  possible)  through  the  small  interelectrode  distance.  The  metal 
deposited  on  the  plate  may  be  recovered  mechanically.  The  cell  could  be 
particularly  interesting  when  precious  metals  have  to  be  recovered  and  also 
when  the  electrical  conductivity  of  the  solutions  is  small. 

Copper  .-.as  been  removed  from  artificial  solutions  containing  copper  ;  CuSO, 
is  dissolved  'in  pure  water,  without  any  addition  of  supporting  electrolyte. 

The  copper  concentration  is  varied  between  0.2  and  1  g/1.  Thus  the  solutions 
may  simulate  rinsing  baths  as  those  existing  in  the  printed  circuits  industry. 

They  are  solutions  having  small  electrical  conductivities. 

’ho  experiments  are  mad:-  at  the  room  temperature  in  a  cell  ICO  err., long, 

24  cm  wde  and  with  a  tilted  angle  of  10°.  The  flow  rate  is  of  33  cm/s.  Tne 
regime  is  tCg  capillarity  flow  regime. 

The  copper  concentration  in  the  system  (batch  operation)  varies  with  the 
time  t  according  to  Figure  2  in  which  Cc  is  the  initial  concentration  The 
tir"  t,  is  the  overall  residence  time_of  each  fluid  element  in  the  electrical 
field, "At  a  current  density  of  4,3.10*3  A/cm^  the  concentration  is  reduced 
from  1  g  Cu/1  to  0,0001  gCu/1  after  a  residence  time  t  =  5  minutes.  In  the 
same  experiments,  the  average  faradaic  yield  remains  higher  than  40  %. 

More  -esuits  and  details  will  be  given  in  a  further  paper^,  but  the  con-  I 

elusions  of  the  work  can  be  summarized  as  follows  :  9 

-  industrial  low  conducting  solutions  containing  copper  at  concentrations  of  ■ 

about  some  grams  per  liter  may  be  treated  in  the  Falling-Film-Cell  and  the  I 

depletion  of  copper  is  very  satisfactory.  I 

-  the  final  copoer  concentration  is  smaller  than  the  maximum  allowable  I 

value  in  effluents.  S 

-  the  copper  is  deposited  as  a  thin  sheet  which  is  separated  from  the  H 

cathode  after  the  experiment.  fl 
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-  copper  has  been  chosen  as  a  useful  and  cheep  example  but  many  other 
industrial  cases  of  metal  recovery  could  be  solved  using  the  Falling-Film 
Cell  (gold,  silver,  mercury,  etc...),  especially  in  batch  operations. 


1  -  F.  COEURET  and  J.  LEGRAND.  Freeh  Patent  n3  81  19115. 

2  -  F.  COEURET  and  J.  LEGRAND,  J.  Appl .  Electrochem. ,  _18,  181  (1985). 

3  -  J.  LEGRAND,  J.M.  MARRACINO  and  F.  COEURET,  submitted  for  publication. 
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EFFICIENCY  OF  GAS  BUBBLE  EVOLUTION  AT  A  GAS-EVOLVING  ELECTRODE 

L.J.J.  Janssen,  E.  Barendrecht  and  S.J.D.  van  Stralen 
Laboratory  for  Electrochemistry,  Department  of  Chemistry 
Eindhoven  University  of  Technology 
P.O.  Box  513,  5600  MB  Eindhoven,  The  Netherlands 


Bubbles  are  formed  at  a  gas-evolving  electrode  which  has  been  studied  exten¬ 
sively  over  the  last  twenty  years.  The  gaseous  product  formed  by  electrolysis 
is  only  partly  taken  up  by  bubbles  evolved  at  the  electrode  on  which  the  gase¬ 
ous  product  is  formed  fl,2].  Some  experimental  results  on  efficiency  of  gas 
evolution  have  been  published  [1,2].  Additional  results  are  given. 

The  experimental  details  have  been  described  in  [1].  Results  for  a  hydro¬ 
gen  and  an  oxygen  evolving  nickel  electrode  (diameter  0.5  mm  and  height  3  mm) 
in  1  M  K01I  at  298  K  and  a  solution  flow  rate  of  0.12  m/s  are  shown  in  Fig.  1. 
This  figure  shows  also  results  for  a  chlorine  evolving  RuC>2/Pt  electrode 
(diameter  0.5  mm  and  height  2  mm)  in  4  M  NaCl  0.1  M  HCl  solution  at  298  K 
and  a  solution  flow  rate  of  0.05  m/s  and  saturated  with  chlorine  gas. 

It  lias  been  found  that  for  hydrogen-,  oxygen-  and  chlorine-evolving  electrodes 
the  ..uuv’..  ,j  of  gas  uubblo  evolution  is  practically  independent  on  tempera¬ 
ture  in  the  temperature  range  from  310  to  355  K,  and  decreases  linearly  with 
increasing  rate  of  solution  flew  in  the  solution  flow  rate  smaller  than  2  m/s. 
To  obh!»:  ■  the  supersaturation  concentration  of  gas  at  the  electrode  surface, 
experiments  have  been  carried  out  to  determine  the  mass  transfer  coefficient 
for  ferrocyan ide  ions  at  a  oxygen-evolving  electrode  and  the  one  for  ferri- 
cyanide  ions  at  a  hydrogen-evolving  electrode. 

Taking  into  account  the  mass  transfer  coefficient  fc.  is  proportional  to 

2/3  1 

D.  where  D.  is  the  diffusion  coefficient  of  species  i,  k  for  dissol- 

i  i 

ved  oxygen  can  be  calculated  from  k  for  ferrocyanide  ions  and  k  for  dissolved 
hydrogen  can  be  calculated  from  k  for  ferricyanide  ions.  The  quantity  of  gas 
which  is  not  taken  up  by  the  bubbles  at  the  electrode  surface  is  transported 
to  the  bulk  of  solution.  The  rate  of  this  transport  is  (1  -  f  )i  /nF  where 

s  s 

nF  is  the  charge  used  for  the  production  of  1  mol  gas. 

o  s 

Assuming  (1  -  f  )i  /nP  =  k  (c  -  c  )  where  k  is  the  mass  transfer 
6  6  6  6  6  0  6 

coefficient  for  the  dissolved  gas,  c  is  the  concentration  of  dissolved 
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MEASUREMENTS  ON  MASS  TRANSFER  AT  FIBRE  ELECTRODES 
D.  SCHMAL,  J.  V,AN  ERKEL,  P.J.  VAN  DUIN 

TNO  Division  of  Technology  for  Society,  Department  of  Chemistry, 
PO  Box  217,  260f  AE  Delft,  The  Netherlands 


INTRODUCTION 

The  electrochemical  treatment  of  waste  waters  containing  small  amounts  of 
toxic  compounds  (e.g.  heavy  metals,  organohalogens)  requires  the  use  of  ele- 
trodes  with  a  high  surf ace-to-volume  ratio.  For  this  reason  we  have  chosen 
carbon/graphite  fibres  as  the  electrode  material. 

For  scaling-up  purposes  we  have  studied  the  mass  transfer  of  various  gra¬ 
phite  fibre  configurations,  using  the  mass-transfer  controlled  reduction  of 
potassium  hexacyanoferrate  (III)  to  -(II)  in  1  M  KOil. 

For  purposes  of  comparison,  we  also  conducted  measurements  on  single-fibre 
electrodes . 


EXPERIMENTAL 

For  the  single  fibre  experiments,  fibres  (of  about  10  pm  diameter)  were  fix¬ 
ed  in  a  drawn-out  glass  capillary  with  epoxy  resin.  Electrical  contact  with 
the  fibre  was  made  via  a  mercury  drop. 

The  multi-fibre  cell  is  shown  in  Pig.  1.  The  various  fibre  conf igurations 
(bundles,  citth,  felt)  were  clamped  in  the  cpII  with  a  strip  of  platinum  con¬ 
nected  to  the  power  source.  Maximum  electrode  dimensions  were  2x10x0.5  cm. 

For  the  separator  Nation  425  was  used. 

All  experiments  were  conducted  in  a  single  pass  mode. 

Conversions  were  calculated  from  the  concentration  of  potassium  bexacyanofer- 
rate(ll),.is  determined  by  potentiometric  titration  with  cerium(IV)  sulphate. 
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P'ig.  1  Multi-fibre  cell. 
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RESULTS  AND  DISCUSSION 

Figure  2  shows  the  polarization  curves  obtained  in  the  single-fibre  experi¬ 
ments.  They  exhibit  a  mass-transfer  controlled  potential  region  from  about  0 
V  to  -1.6  V  vs.  SCE.  Fluctations  in  the  current  at  higher  velocities  are  due 
to  transition  from  laminar  to  turbulent  flow  in  the  cell  (tube  Reynolds 
number  1000  to  2000).  The  Sherwood-Reynolds  relation  calculated  from  the  ex¬ 
periments  at  velocities  up  to  0.02  m/s  reads1: 

Sh  =  7.0  Re0-42  (0 . 04<  Re<  0.2)  (1) 

where  Sh  =  kd/D  (k  mass  transfer  coefficient,  d  fibre  diameter,  D  diffusion 
coefficient)  and  Re  =  vd/v  (v  velocity,  V  kinematic  viscosity).  This  rela¬ 
tion  agrees  with  that  calculated  from  heat  transfer  on  wires2  (Chilton- 
Colburn  analogy  for  heat  and  mass  transfer),  and  also  with  a  Sh-Re  relation 
calculated  from  measurements  by  Bek  and  Zamyatin3  on  a  single  fibre  in  a 
non-conducting  felt. 
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Fig.  2  Polarization  curves  of  a  single  fibre  electrode  at  different  flow 

velocities  (10-3  M  K  Fe(CN) ,  in  1  M  KOH,  L  =  0.5  cm). 

J  o 

Some  polarization  curves  of  a  bundle  of  200,000  fibres  use  in  flow-by  mode 
.re  given  in  Fig.  3.  Although  at  high  flow  rates  the  current  is  not  truly 
constant,  the  figure  reveals  that  most  of  the  electrode  is  operating  under 
limiting  current  conditions.  By  comparing  the  results  for  the  various  fibre 
configurations  with  those  calculated  from  the  relation  for  a  single  fibre, 
one  arrives  at  the  utilization  factor  q-  In  our  case  q  is  defined  as  the 
ratio  of  kS  found  experimentally  for  the  configuration  investigated  to  kS 
calculated  from  eq.  1,  it  being  assumed  that  all  fibres  take  part  in  the 
reaction  (S  is  the  surf ace-to-volume  ratio  of  the  electrode).  Values  of  r) 
are  listed  in  Table  1,  which  shows  that,  (as  might  be  expected)  the  total 
surface  a ra  of  a  felt  is  available  for  the  electrochemical  reaction,  whereas 
in  bundles  and  cloth  tin  the  flow-by  mode)  only  a  relatively  small  part  of 
the  surface  area  is  utilized.  This  loss  of  efficiency  is  due  to  channelling 
effects  and/or  to  masking  of  part  of  the  electrode  sureface. 

Methndes  of  improving  the  efficiency,  particulary  that  of  bundle  electrodes 
in  a  flow-by  mode,  jre  being  further  investigated,  because  these  can  be  ex¬ 
pected  t  :>  be  suitable  for  treating  portic  le- lancti  waste  streu.is  without 
hecom’ng  digged 
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Fig.  3  Polarization  curves  for  a  bundle  of  200,000  fibres  at  different 

velocities  (10-2  ti  K,F e(CN).  in  1  M  KOH,  L  =  8.3  cm). 

3  6 

Table  1  Utilization  factors  for  various  electrode  geometries  at  0.05  m/s. 


Configuration 

Number  or 

Specific  sur- 

Porosity 

n 

quantity  of  fibres 

face  area  (m-1) 

(-%) 

(X) 

Parallel 

10,000 

2,500 

99.5 

8.0 

bundles 

50,000 

12,600 

98 

1.6 

200,000 

50,400 

90 

0.6 

500,000 

126,000 

75 

0.6 

Cloth 

7  layers 

82,500 

83 

0.9 

Felt 

1  layer 

11,300 

96 

90 
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ELECTROCHEMICAL  DETOXIFICATION  OF  AQUEOUS  WASTE  SOLUTIONS. 

J.  VAN  ERXEL,  D.  SCHMAL,  P.J.  VAN  DUIN. 

TNO  Division  of  Technology  for  Society,  Department  of  Chemistry, 
PO  Box  217,  2600  A£  Delft,  The  Netherlands. 


INTRODUCTION 

The  chemical  process  industry  produces  large  amounts  of  waste  waters  contai¬ 
ning  toxic  or  non-biodegradable  organic  compounds  (e.g.  halogenated  orga¬ 
nics).  For  the  removal  of  these  undesirable  substances,  electrochemical 
treatment  may  be  feasible. 

One  advantage  of  electrolysis  over  other  methods  of  chemical  treatment  is 
that  additional  chemicals  are  not  normally  required.  Electrolysis  with  elec¬ 
trodes  of  a  large  specific  area  such  as  those  composed  of  very  thin  fibres, 
can  reduce  the  concentration  of  toxic  compounds  to  a  very  low  level. 

We  have  studied  the  method  using  the  cathodic  deha logenation  of  pentachloro- 
phenol  (PCP)  in  aqueous  solution  as  a  model  reaction.  PCP  has  been  chosen 
because  it  is  a  representative  constituent  of  the  type  of  waste  waters  in 
question,  and  because  it  has  strong  carbon-chlorine  bonds  and  a  relatively 
good  solubility  in  (alkaline)  aqueous  solutions. 

EXPERIMENTAL  PART 

The  experiments  were  conducted  in  a  batch-type  recycle  mode  with  aqueous  so¬ 
lutions  of  50  ppm  of  PCP  in  0.1  M  sodium  sulphate  /  0.1  U  sodium  hydroxide. 
Figure  1  snows  a  diagram  of  the  electrochemical  reactor.  The  cathode  consis¬ 
ted  of  240,000  carbon  fibres  with  a  diameter  of  about  7p®,  clamped  in  the 
reactor  with  a  platinum  strip  connected  to  a  power-source.  The  dimensions  of 
the  cathode  compartment  were  2x10*0.5  cm.  A  Nafion  425  membrane  was  used  as 
z  seperator.  An  aqueous  solution  of  0.1  M  sodium  sulphate  was  circulated 
through  the  anode  compartment,  which  was  equipped  with  a  Pt-gauze  electrode. 
The  experiments  were  performed  under  gal vanost atic  conditions  (10  A).  The 
.superficial  flow  velocity  in  the  cathode  compartment  was  0.1  m.'s. 


Fig.  1  Electrochemical  reactor 
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Concentrations  of  the  phenols  were  determined  by  high  pressure  liquid  chro¬ 
matography  (HPLC).  Cloride  concentrations  were  determined  by  potentiometric 
titration  with  silver  nitrate  with  a  Metrohm  636  Ti troprocessor  and  a  silver 
indicator  electrode. 

Aquatic  toxicity  was  determined  by  an  instrumental  method  based  on  the  bio¬ 
luminescence  of  certain  bacteria  (Microtox  method,  Beckman).  The  toxicity 
was  expressed  as  an  EC  50  value,  representing  the  concentration  of  neutra¬ 
lized  electrolyte  causing  50%  reduction  of  light  emission. 

RESULTS  AND  DISCUSSION 

Electrolysis  of  1  litre  of  50  ppm  PCP  solution  caused  the  PCP  concentration 
to  decrease  as  shown  in  Fig.  2. 

.-"Of  *  Zf  Cl  '  ‘  VS 


Fig.  2  Decay  of  PCP  and  yield  of  Cl  ions  per  POP  mclecl?  duriii;;  electro¬ 
lysis  ot  1  litre  of  50  ppm  PCP  solution  (10  A). 

After  30  minutes  of  electrolysis  the  id'p  roi  centrition  was  below  the  detec¬ 
tion  limit,  of  0.5  ppm.  Concurrently,  -he  cl.Lcri  Je  content  of  the  soiut  >.rn 
showed  that  five  chlorine  atoms  per  mo  lecu  !<•  of  PCP  were  remove  d.  The 
current  efficiency  for  complete  deha iogena tic n  was  1%.  Adding  snail  qucnti- 
ties  of  certain  surface  active  agents ,  improves  the  efficiency* . 

During  electrolysis  the  toxicity  of  the  solution  fell  from  an  ii.it  nl  EC  50 
=  21  to  i  final  40%,  indicating  almost  complete  detoxification. 

An  experiment  with  t,.o  litres  of  the  test  solution  was  per  cimed  for  the 
purpose  of  ceterinining  the  int  emedint  ss  and  productfs)  farmed.  Figure  3 
shows  the  formation  and  dec-y  of  tetra-,  In-,  !i-  and  r.mochlorophenol  r. , 
finally  resulting  in  the  formation  of  phenol  ar.d,  possibly,  nonochi oro- 
piienols.  The  experiment  shows  that  the  total  molar  concentration  of  the 
ph.  nols  remains  constant  in  time. 

Experiments  with  other  orgnno halogens  and  industrial  waste  waters  are  in 
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Fig.  3  Mole  fraction  of  the  phenols  during  electrolysis  of  2  1  of  50  ppm 
PCP  solution  (10  A) 

1 .  PCP 

2.  tetrachlorophenols 

3.  t richlorophenols 

4.  dichlorophenols 

5.  monochlorophenols 

6.  phenol 
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ESTIMATION  OF  MASS  TRANSFER  RATE  FOR  A  PACKED  BED 
COPPER  CEMENTATION  SYSTEM 


FLORA  BRAVO  de  NAIKJI  *  and  A. A.  WRAGG 
Dept,  of  Chemical  Engineering,  University  of  Exeter, 
Exeter,  EX 4  4QF  (England) 


INTRODUCTION 

Hydroir.etaliurgical  processes  for  recovering  metals  are  gaining 
an  increasing  importance  in  the  non-ferrous  metals  industry  lar¬ 
gely  due  to  environmental  constraints  on  sulphur  dioxide  emissions 
ar.d  the  depletion  of  high  grade  ore  deposits.  One  of  the  most 
ancient,  yet  most  effective,  hydrometallurg ical  process  for  the  re¬ 
covery  of  dissolved  metal  values  from  aqueous  solution  is  cementa¬ 
tion. 


itncugh  there  have  been  many  previous  studi  :.s  of  cementation 
kinetics  and  thermodynamics,  most  of  these  have  been  carried  out 
ur.cer  unsatisfactory  hydrodynamic  and  geometric  conditions  so  that 
the  results  given  cannot  be  interpreted  easily  and  cannot  be 
caled  up  to  a  practical  size.  In  the  present  work  a  packed  bed 
eometry  has  been  used  to  estimate  the  mass  transfer  rate  under 
ifferent  flow  rates.  The  apparatus  and  some  early  results  have 
been  the  subject,  of  a  previous  publication  1  ,  which  particularly 
described  the  effect  of  pH  on  experimental  performance. 

LX PERI M ENTAL  P  RO C  E DU  RE 

The  solution  used  in  this  study  was  of  copper  sulphate  and 
sulphuric  acid,  the  characteristics  of  which  are  given  in  Table  I. 


Table  I  -  Solution 

Copper  Concentration 
Initial  pH 
Den  s i t  y ,  c 

Kincnatic  Viscosity,  v 
Diffusion  Coefficient,  D 
Schmidt  Number,  Sc 


characteristics 

1030  ppm 
3.02 

998.2  kg  m-2 
1  .  0038  x  1 0-£mi!  s~  1 
7.3  x 1  Q~ 1 cm2  s" 1 
137  5 


The  experiments  were  carried  cut  at  room  tempera  tire  (23cC) 
and  at  constant  initial  ph.  Seven  different  flow  rates  were 
chosen  ar.d  ail  c  trier  experimental  paramo  tors  were  kept  constant. 

The  experiments  reported  here  were  curried  out  with  batch  recir¬ 
culation  of  the  solution.  The  bee  depth  and  mean  particle  diameter 
if  the  iron  particles  ware  9  on  and  3.35  mm  respectively  and  the 
volume  of  solution  used  in  each  experiment  was  16  dm3.  Concentra¬ 
tions  of  Cu+J  and  Fe  ions  » ate  monitored  by  sampling  from  the  re- 
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servoir  and  determining  by  atomic  absorption  spectrophotometry. 

The  pH  value  of  3.02  was  selected  in  order  to  give  minimum  iron 
consumption  and  produce  good  quality  copper  powder  2. 

RESULTS 

A  set  of  concentration-time  curves  for  the  copper  deposition 
and  iron  dissolution  at  different  flow  rates  is  shown  as  Figures 
1  and  2.  Evidently,  the  depletion  of  Cu++  ions  becomes  more 
rapid  with  higher  recirculation  rate,  Q,  over  most  of  the  tested 
range.  Flow  rates  of  1  to  7  dm3/min  were  used  although  it  was 
ev-de.ot  that  at  7  dm3/min  the  bed  was  fluidised  and  as  a  conse¬ 
quence  the  cementation  performance  decreased  as  observed  in  Fig.  1. 
This  is  due  to  a  complex  interaction  between  volumetric  flow  rate, 
increased  exposed  surface  area,  change  of  hydrodynamic  regime  and 
associated  change  in  mass  transfer  behaviour.  Fig.  2  shows  the 
amount  of  iron  consumption  under  the  same  conditions  described 
acove . 

An  approximate  model,  assuming  mass  transfer  control  and  plug 
flew  throughout  the  bed,  which  predicts  an  exponential  relation¬ 
ship  for  the  decrease  of  the  concentration  with  time  was  used  to 
estimate  the  overall  mass  transfer  coefficient  and  is  given  by 

ct  =  Co  exp  [t  (:  ~~xp  (  ;1  (1) 

It  is  important  to  note  that  k  values  were  based  cnly  on 
the  exponential  portions  of  the  concentration-time  erveu. 

The  specific  surfaca  area  of  the  iron  spheres,  a,  was  calcu¬ 
lated  on  the  basis  of  the  particles  being  smooth  and  spherical 

a  =  I'D  (]->:)  12'. 

P 

however,  microscopic  observations  ••  indicated  that  Equation  (2) 
represents  only  a  very  rough  approximation  in  view  of  the:  irregu¬ 
lar  form  ar.d  the  surrace  roughness  of  the  iron  spheres  so  that 
the  effective  surface  area  becomes  greater  than  that  assumed  in 
the  model.  Trio  mass  transfer  coefficient  calculated  vith  this 
mocel  was  incorporated  into  an  empirical  correlation  of  the  form 

Sh  =2.55  Re0,57  Sc1/*’  (3) 

for  37  <  Re  •'  550  and  Sc  =  137  5 

which  predicts  higher  than  other  literature  . -lotions  ior  mass 

transfer  in  packed  beds.  Fig.  3  shows  the  variation  in  gh/Sc 
with  Re.  Finally,  Fig.  4  shows  the  present  results  together  with 
ft  her  correlations  of  the  authors  indicated  3/4 .  The  mass  trans¬ 
fer  coefficient  (here  expressed  as  Jm)  is  almost  four  times 
h i 3 her  than  would  be  expected  for  spherical  particles  thus  indi¬ 
cating  the  combined  effect  of  enhanced  surface  area  and  micro- 
*  urLuience  promotion  due  to  the  growing  copper  deposit,  on  the 
irregular  shaped  particles.  SIM's  of  fcne  surfaces  have  demon 
tiated  the  powdery  and  denari  tic  nature  of  the  copper  deposit, 
high  mass  transfer  coefficients  are  also  consistent  with  the 
findings  of  Kuio  ct  al  who  also  used  a  packed  bed  system. 
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A  PARAMETRIC  STUDY  OF  COPPER  DEPOSITION 
A  CIRCULATING  BEL  ELECTRODE 
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INTRODUCTION 

One  of  the  drawbacks  of  using  a  uniformly  fluidised  bed 
electrode  for  metal  winning  arises  from  the  fact  that  on 
running  the  cell  over  long  periods,  metal  will  accumulate  on 
the  feeder  electrode.  This  can  be  avoided  by  tilting  the  cell 
away  from  the  vertical  and  producing  what  is  known  as  a  circu¬ 
lating  bed  *.  In  this  work  seme  results  for  a  circulating  bed 
cel.,  carrying  out  copper  deposition  are  presented. 

EXPERIMENTAL  PROCEDURE 

Experiments  have  been  carried  out  using  a  cell  of  rectangu¬ 
lar  geometry  ar.d  of  the  'side-by-side1  type;  that  is,  the  cur¬ 
rent  flow  is  perpendicular  to  the  direction  of  electrolyte  flow. 
Most  of  tne  experiments  were  carried  out  with  a  cathode  compart¬ 
ment  width  of  0.02  m  in  the  current  flow  direction  and  this  was 
separated  from  the  anode  compartment,  by  an  anionic  semi-permeable 
membrane  ( lor.ac  type  MA  34  75)  supported  by  a  sheet  of  V yen  F.  po¬ 
rous  pvc  diaphragm.  The  feeder  electrode  was  a  copper  plate, 

0.C5  m  wide  and  0.3  high  in  contact  with  the  wall  of  the 
cathode  chamber,  the  counter  electrode  was  a  sheet  of  lead  placed 
ir.  the  anode  chamber.  The  bed  material  consisted  of  copper  par¬ 
ticles,  classified  into  mean  diameters  of  0.25,  0.38,  0.50,  0.65 
■  r.d  0.7  7  mm.  The  ceil  was  mounted  in  such  a  way  that  it  could 
he  Inclined  to  the  vertica.  and  the  inclination  wars  adjusted 
between  0°  and  30 J. 

The  ceil  was  operated  at  constant  electrode  potent  i. ai  using 
a  potent tostat  (Thompson  Eleotrochem  Ltd  _  type  Mnustat  28Y-7A). 
The  current  was  measured  by  a  shunt  resistance  attached  across  a 
cigital  voltmeter  (Solartron  7055).  Controllec  electrode  poten¬ 
tials  (E)  were  measured  between  the  input  or  the  cathodic  current 
ar.a  a  mercury/mercurous  sulphate  reference  electrode. 

As  electrolyte  a  solution  of  copper  sulphate  (.100  ppm)  was 
used  with  addition  of  sulphuric  acid  (1.5  M)  ns  supporting  elec¬ 
trolyte.  All  experiments  were  performed  in  a  batchwise  manner, 
the  electrolyte  being  continuously  recirculated  through  the  cell. 
Current  efficiency  data  for  copper  deposition  were  obtained  by 
monitoring  the  reservoir  catholyte  copper  concentration  using 
A. A.  Spectrophotometry  and  the  amount  of  electricity  passed 
during  the  course  of  a  run. 

*  Remanent  address:  Depurtamcnto  de  Engenharia  'Juimieu,  Universidude  Federal 
da  Paraiba,  Cumpina  Grande,  Brasil. 
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RESULTS 

The  gradual  depletion  of  the  instantaneous  copper  concentra¬ 
tion  Ct  with  time  for  six  values  of  the  working  potential  E  and 
for  identical  hydrodynamic  (Q  =  4.08  x  10-5n's_1  )  and  geometric  con¬ 
ditions  is  shewn  in  Fig.  1.  It  is  noted  chat  increasingly  cathode 
potentials  increase  the  speed  of  copper  deposition  up  to  -0.95V, 
beyond  which  the  rate  of  deposition  does  not  change  significantly. 
Fig.  2  shows  trends  in  current  efficiency  over  a  range  of  cathode 
potentials.  Current  efficiency  is  seen  to  pass  through  a  maximum 
ur.i  then  decline  with  increasingly  cathodic  potential.  This  is 
largely  due  to  the  increasing  proportion  of  current  being  con- 
sum.ed  by  the  hydrogen  evolution  secondary  reaction,  which  becomes 
more  prominent  at  large  cathode  polarizations.  The  influence  of 
circulation  rate  of  the  electrolyte  in  the  cathodic  compartment 
:  s  shown  in  Fig.  3  for  a  fixed  potential,  E  =-  0.95V,  and  total 
particle  surface  area  Ap.  The  effect  of  the  flow  rate  variation 
on  t;va  rate  of  copper  depletion  is  small  and  not  discernably  sys¬ 
tematic;  this  is  discussed  in  more  detail  <  iso:./hore  .  Finally, 
c  .. g .  4  shews  the  variation  of  concentration  with  time  for  four, 
values  of  ceil  inclination  angle  and  identical  hydrodynamic  and 
geor  ;ic  conditions.  This  clearly  shows  a  decrease  in  the  rata 
cf  depletion  ct  concentration  as  die  angle  increases,  there  being 
an  optimum  value  for  a  circulating  red  in  the  range  5°  -  15°. 
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HYDRODYNAMIC  OPTIMIZATION  OF  FARAOAIC  YIELDS  IN  THE  CHLORATE 
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A  theoretical  approach  to  the  hydrodynamic  optimization  of  current  yields 
in  tne  chlorate  cell  process  has  been  obtained  by  the  consequent  mathematical 
analysis  of  Faradaic  balance  and  mass  transfer  of  electroactive  species  within 
the  anodic  diffusion  layer.  For  a  rather  "stagnant  diffusion  layer"  it  leads 
to  a  transcendental  equation  for  the  current  efficiency^  ( t1 ) 

D,C  F 
i  2  o 


3  1 

7  '  7 


tgh(  ✓k1  /O^  6 ) 


where  i  is  the  current  density,  -  rate  constant  for  chlorine  hydrolysis, 
i  -  the  diffusion  layer  thickness,  -  available  chlorine  bulk  concentration, 
Dj  .and  -  diffusion  constants  for  elemental  ana  total  a ' ■  a i Table  chlorine, 
res- actively.  However,  diffusion  and  hydrolysis  of  elemental  chlorine,  as  well 
os  diffusion  mass  transport  of  available  chlorine  could  also  so  describes  oy 
the  Dunckwerts  model4’  of  "surface  renewal  " ,  which  asur.es  tnat  elements  of 
liquid  are  brought  in  contact  with  gas  by  turouient  mixing  within  the  diffusion 
layer.  The  model  implies  such  a  gas  diffusion  tnrougn  liquid  "elements",  whic^ 
mass  transport  can  be  described  by  the  equation  for  nonsteady  state  diffusion, 
and  continuous  renewal  of  liquid  c-lenr.ents  at  the  interface  with  gas  phase.  The 
probability  of  renewal  of  liquid  elements  with  fresh  liquid  does  not  depend  on 
its  time  contact  with  gas.  At  the  steady  state  tne  fraction  of  surface  being 
in  contact  with  gas  within  the  element  of  time  (a)  between  t  and  t  +  do  is 
supDosed  to  be  S>exp(-Si),  wnere  S  -  means  the  fraction  of  surface  replaced  by 
fresh  liquid  in  the  unit  time.  If  C(x,r)  represents  gas  content  at  distance  x 
from  the  liquid  surface  at  time  t  after  the  beginning  of  their  mutual  contact, 
the  average  gas  concentration  at  the  same  space  coordinate  follows  from  inte- 
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gration  for  all  elements  of  the  surface: 


-ST 


(2) 


C(x)  =  S  ;  C(x,T)e  J  dT 
o 

that  in  mathematical  interpretation  means  the  application  of  Laplace-Karson 
transformation  for  the  function  C(x,x). 

The  equation  for  nonsteady  state  diffusion  describes  the  diffusion  accom 
panied  by  hydrolysis  for  elemental-  and  available-  chlorine,  respectively: 


3C 


3  L 


and 


3t 

3C- 

_ c 

3t 


=  0, 


3x2 


-  k,C 


r  i 


=  D 


3^C2 

2  +  k1C1 


(3) 


(4) 


Application  of  Laplace-Karson  transforms  upon  Equations  (3)  and  (4)  with  the 
boundary  conditions: 

a)  for  elemental  chlorine  (C^) 


at  t  =  o,  C 

1  "  0 

(5) 

dC, 

x  =  °*  *°1  ST 

.  U1 

2F 

(6) 

x  —  C1  — ► 

0 

(7) 

available  chlorine  (C?) 

at  t  =  0,  = 

C  for  x  >  0 

(3) 

t  >  0,  Cj  = 

0  for  x  =  0 

(9) 

T  1  0,  C2  = 

C  fOr  ac 

0 

(10) 

leads  to  the  new  mass  transport  relations: 
a)  for  elemental  chlorine 


d2C 


o  (^i  +  S)  C.  =  0 

dx^  1  ' 

with  interchanged  boundary  conditions 

at  x  =  6,  Cj  =  0 

dC,  it. 
x  =  0,  -D.  — -  =  — - 
1  dx.  2F 

and  b)  for  available  chlorine 


(11) 

(12) 

(13) 
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for  x 


’■  ~  CQ, 


at  x  =  0,  £2  =  0 


where  £.  -.no  £2  are  defined  by  Equation  (2).  Simultaneous  solution  of  Equa¬ 
tions  (11)  and  (14)  leads  to  tne  concentration  Drofile  of  available  chlorine 
within  tne  diffusion  layer,  while  the  relation 


gives  tne  current  efficiency  for  chlorate  cells 


°2CoF 


'/  1+(k1/01)6<: 


where  S  =  D./.T,  and  which  fairly  well  describes  faradaic  yields  and  agrees 


with  formerly  obtained  similar  relationship  (Equation  (1)).  However,  at  hig- 

l.ubt  «-  1*»  .  -  r.  ,  *  I  '  .  1  A  A  r*  ■*  <  ^  \  f  U  i  ,  u*n  J  - 


her  Current  densities  (i  >  10  A  dm  fc),  that  are  characteristic  far  modern 
trend  iri  chlorate  cells  design,  rather  large  fraction  of  chlorine  escapes 
nyarolysi:  within  tne  diffusion  layer.  Thus,  to  assess  the  real  current  yields, 
one  nas  to  consider  and  encompass  the  total  mass  balance  of  availaDle  chlorine 

a 

in  tne  entire  volume  of  electrolyte  .  Then  tne  everts  at  the  anode  surface 
described  by  Equation  (13)  appear  incorporated  in  the  whole  mass  balance  for 
the  entire  producing  system. 
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BATCH  RECIRCULATING  THREE-DIMENSIONAL 
ELECTROCHEMICAL  CELL:  OPERATIONAL  MODES  AND 
ENERGY  CONSUMPTION 

V.  D.  STANKOVI6 

Department  of  Metallurgy,  Technical  Faculty  Bor 
University  of  Belgrade j  19210  Bor  (Yugoslavia) 


Many  papers,  published  or  presented  on  meetings,  in  the  last 
decade,  have  been  dedicated  to  three-dimensional  electrode  cell* 
This  electrode  has  been  object  of  considerable  academic  and 
some  industrial  interest. 

In  present  article,  the  behaviour  of  a  batch  recirculating 
three-dimensional  electrochemical  cell  has  been  analysed  using 
a  simple  model.  This  model  consists  of  depletion  of  metal  ions 
from  diluted  solutions  in  a  three-dimensional  electrode  under 
mass  transfer  controled  reaction. 

During  removal  of  ions,  not  only  concentration  depends  on 
time  but  also  limiting  current  density,  current  efficiency,  cell 
voltage,  specific  energy  consumption  and  the  other  relative 
characteristics  of  the  cell  which  determine  possibilities  of 
every  electrochemical  reactor  per  se. 

In  concrete  analysis  of  a  three-dimensional  electrode  cell, 
the  reaction  of  electrodeposition  of  copper  ions  from  acidic 
coppersulphate  solution  has  been  used  in  such  a  concentration 
which  ensure  diffusion  controlled  process.  Sulphuric  acid  ser¬ 
ved  as  a  supporting  electrolyte.  Bed  of  copper  particles  ia 
contact  with  the  current  feeder  is  acted  as  a  three-dimensional 
cathode.  On  the  counter  electrode,  reaction  of  oxygen  evolution 
occured.  Cathodic  and  anodic  compartments  were  separated  by  dia¬ 
phragms  which  served  to  prevent  oxygen  passing  through  diaphra- 
gme  into  cathodic  space  and  to  prevent  short  circuit  between 
anode  and  the  bed  of  particles. 

Ring  flow  conditions  are  assumed  in  the  cathodic  compartment 
of  the  cell  and  the  reservoir  is  considered  as  a  perfectly  sti- 


rred  tank1.  All  hydrodynamical  conditions  are  assumed  to  be 
constant  during  electrowinning  process.  The  analysis  has  been 
made  f  or  the  cases  of  constant  operating  current  and  constant 
potential  of  the  three-dimensional  cathode. 

for  the  case  of  constant  operating  current  the  value  of 
which  is  below  the  initial  limiting  current  for  the  given  conce¬ 
ntration  and  hydrodynamical  conditions,  i.  e.  I  =c^lT(C)  for 

.  .  12 
t  =  0;  process  of  aetall  winning  passes  through  two  periods  *  . 

During  the  first  period,  when  the  operating  current  is  below 
the  limiting  one  (  I<I^(t)  ),  cell  productivity  is  bolov.'  its 
maximum  possible.  Current  efficiency  in  on  e  high  ”alue  and  in¬ 
dependent  of  tine,  concentration  of  reacting  ions  decreases  with 
time  as  well  as  limiting  current  does*  The  second  peiiou  starts 
when  operating  current  reachs  the  value  of  limiting  current  for 
a  given  conditions.  Parallel  reaction  of  hydrogen  evolution 
starts  up  and  operating  current  may  be  expressed  by  equation? 

I  =  IL(t;  +  IH(t;  for  t  ?tc 

in  this  period  of  the  process  winning,  current  efficiency  decrea¬ 
ses  with  time,  cell  voltage  increases  slowly,  concentration  of 
ions  depletes  following  an  exponential  function,  and  specific 
energy  consumption  increases.  Required  time  to  reach  a  certain 
extraction  degree  depends  on  the  ratio  I/I^(0).  In  the  second 
part  of  the  process,  current  efficiency  decreases  with  time, 
cell  voltage  increases  ao  well  as  energy  consumption. 

tror  the  potentiostatic  mode  of  operation,  with  decreasing 
of  reacting  ions  decreases  operating  current  and  cell  voltage. 
Current  efficiency  remains  on  a  high  value  (.  close  to  unit 
for  almost  whole  time  of  depletion  of  reacting  ions.,  because 
reaction  of  hydrogen  evolution  is  avoided. 

Energy  consumption  is  lower  than  in  the  first  case,  bur 
required  time  to  roach  a  given  value  of  metal  winning  is  much 
higher . 

ir.  both  cases,  pumping  energy  was  for  two  order  r f  magnitude 
lower  than  energy  spondee,  for  the  electrochemical  reactions. 


Analysis  has  showed  that  potentiostatic  operational  mode 
cf  metal  winning,  using  the  three-dimensional  electrode  coll. 


V>7 


Vl'<|fittJ*j|j!H>.>..  jifcfcSCll J^p. 


i-wfru. ).  ju-ywgip.1! 


04082 


is  more  attractive  in  a  view  of  saving  energy  but  rate  of 
the  process  decreases  with  time.  An  optimisation  was  derived 
for  both  analysed  modes  of  operation. 


Used  symbols 


I  -  Operating  current  /a/ 

1^(0),  x^(t)  -  Initial  and  instantaneous  limiting  current  res¬ 
pectively  /a/ 

I^(t)  -  Current  spended  for  hydrogen  evolution  reaction  /A/ 

t,  t„  -  time  and  critical  time  at  which  operating  current 
is  equal  to  the  limiting  current 
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ELECTROCHEMICAL  DETERMINATION  OF  AXIAL  DISPERSION  IN  FIXED 
BEDS  OF  FLAT  PLATES  BY  THE  RTD  METHOD 

J.  COMITI  and  J.  LEGRAND 

I.U.T.,  DSpartement  GSnie  Chimique,  B.P.  420,  44606  SAINT-NAZAIRE  (FRANCE) 


The  problem  of  longitudinal  mixing  in  packed  beds,  using 

both  gases  and  liquids  as  the  fluid  media,  has  been  largely  studied 

during  the  last  thirty  years.  The  mixing  phenomenon  is  important  because 

of  its  influence  on  the  performance  of  packed  bed  reactors,  mixers  and 
extractors.  The  aim  of  most  of  these  works!  was  to  determine  the  axial 
dispersion  of  fluid  flowing  through  isotropic  fixed  beds,  constituted 
principally  by  spnerical  particles  and  Rashig  rings.  The  present  work 
concerns  the  study  of  the  liquid  flow  through  beds  of  flat  plates,  which 
are  anisotropic  media.  The  axial  dispersion  coefficients  are  determined 
by  .  -olarographic  method  2  . 

The  experimental  apparatus  (Fig.l)  consists  of  a  packed 

column  (internal  diameter  «c  =  6.0  cm  and  length  55  cm),  a  tank,  a  constant 
level  reservoir  and  a  pump.  The  pol arographic  liquid  is  a  solution  of 
0.001  M  potassium  ferricyanide,  0.013  M  potassium  ferrocyanide  and 
1  M  sodium  hydroxyde.  The  tracer  (solution  of  potassium  ferricyanide) 
is  detected  by  a  polarographic  method  (reduction  of  the  ferricyanide 
ions)  at  two  identical  cathodes  located  in  the  fixed  bed  (Fig.l)  ;  the 
anode  is  a  knit  of  nickel  wire. 


When  the  tracer  is  injected  uniformly  over  the  cross-section 
of  the  oed  of  non-porous  particles  so  that  there  are  no  radial  concentration 
gradients,  its  concentration  C  is  given  as  a  function  of  time  t  and 
axial  position  x  by  (dispersed  plug  flow  model)  : 


3C 


+ 


(1) 


Where  u  is  the  mean  axial  interstitial  velocity  and  Dax 
is  the  axial  dispersion  coefficient  (assumed  constant).  The  transfer 
function  of  the  bed  of  L  length  (here,  L  -  15  cm)  is  given  by3  : 


1 

ftvr. 

Mt/ts)4" 

2ts 

"  M 

‘/I 

4  Nd.I 

ts 

(2) 


Where  ts  -•  -  is  the  mean  residence  time  and  N<j  the 

mass  dispersion  numoer.  uThe  two  parameters  Fs  and  Nq  ,  characterizing 
the  flow  through  the  packed  bed,  are  determined  by  the  "Curve  Fitting 
in  the  Time  Domain"  method  3  .  The  experimental  curves  C^n  and  Cout  obtained 
at  the  two  cathodes  (Fig.l)  are  expressed  by  Fourier  series.  From  the 
transfer  function  f(t)  and  C-jn  (t),  we  can  calculate  the  response  signal 
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<-outC  by  a  convolution  integral.  The  computed  response  signal  Co*tC 
compared  with  the  measured  signal  ^out  the  form  of  a  criterion  E  : 


c.  = 


^  (  Cput  -  CputC  )  dt 

/2fcLt  dt 


(3) 


The  parameters  ts  and  N^  (or  Dax)  are  determined  when  E  is  minimum  (<5*) 


ratio 


Figure  l  gives  the  evolution  of  the  dimensionless  diffusivity 
Dax 

— ; —  (v  'is  the  kinematic  viscosity)  with  the  Reynolds  number, 

u .  c!l 


defined  by  Re  = 


,  where  d. 


4/»c  Tag 


is  the  hydraulic 


diameter. For  the  flat  plates  (ag  =  48  cm-‘;E  =  0.47),  the  data  can  be  corre¬ 
lated  by  tne  equation  : 


Oax 


=  17.73  Re  °*** 


(4) 


For  the  spherical  particles  (  t  =  0.4  ;  dh  »  dp ) ,  the  data 
are  well  represented  by  the  correlation  obtained  by  MALL  <u  al4  .  The 
comparison  between  the  two  types  of  beds  snows  that  the  dispersion  coeffi¬ 
cients  are  mere  important  (a  factor  of  10)  in  the  bed  of  flat  plates. 

In  figure  3,  we  give  a  plot  of  Peclet  number  Pe  =  versus 

Re  =  idolt  (u0  =  superficial  velocity)  for  fixed  beds  data  of  many  authors 


reported  by  CHUNG  and  WEN 


7he  data  obtained  with  the  bed  of  glass 


beads  are  in  keeping  with  the  data  of  the  literature.  It  C'’o  be  noted, 
:s  in  Figure  2,  that  the  axial  dispersion  is  greater  with  the  bed  of 
flat  plates,  compared  with  all  other  beds  (constituted  by  spneres,  Rashig 
rings,  saddles,  pellets).  This  result  is  important,  and  an  explanation 
can  lie  in  the  anisotropy  of  the  bed  of  flat  plates. 
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FIGURE  1  : 

Flow  and  electric  circuit. 


FIGURE  2  : 


Experimental  variation  of 
the  diffusivity  ratio 
Cax 

-  with  Reynolds  number 

for  fixed  beds  of  flat 
plates  and  glass  beads. 


FIGURE  3  : 

Comparison  of 
our  results  with 
the  literature 
in  form  of 
Re  versus  Re. 
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ELECTROCHEMICAL  REACTOR  WITH  PARTIALLY  IMMERSED 
ROTATING  HORIZONTAL  CYLINDER 

A.  Mestrovic-Markovinovic ,  Dj.  Matic 
Institute  of  Electrochemistry,  Faculty  of  Technology, 
University  of  Zagreb,  Zagreb,  Yugoslavia 


This  work  is  a  continuation  of  investigations  on  horizontal 
(1  2) 

rotating  cylinder^  *  Mass  transfer  to  a  partially  immersed 
rotating  horizontal  cylinder  was  investigated.  Measurements  were 

performed  by  observing  the  cathodic  reduction  of  ferricyanide 

-2  -3 

ion  m  a  solution  1  x  10  nol  da  ferri-f erro-cyanide  in  0,5 

mol  da  ^  KOH.  Carbon  paste  electrode  served  as  working  electro¬ 
de,  and  measurements  were  taken  for  different  degrees  of  the  cy¬ 
linder  immersion  (2/3}  1/2*,  1/3 »  1/6)  withjin  the  rotation  rate 
range  v  =  0,2  -  6,5  cm  s**1. 

Regular  oscillations  of  limiting  currents  which  appear  already 
at  low  rotation  rates  of  the  partially  immersed  horizontal  cy¬ 
linder  were  studied.  It  is  found  that  the  regularity  of  oscilla¬ 
tions  is  influenced  neither  by  a  degree  of  immersion  nor  by  the 
rotation  rate  of  the  cylinder.  However  micro  deffects  like  non- 
uniformity  of  the  carbon-paste  electrode  surface  cause  signifi¬ 
cant  changes  in  limiting  currents  during  the  act  of  immersiouing 
the  cylinder.  This  wa3  confirmed  by  intentional  controled  pro¬ 
duction  of  surface  deffects.  Thus  it  is  posible  to  draw  a  con¬ 
clusion  that  regular  oscillations  of  limiting  currents  are 
caused  by  irregularities  of  the  carbon-paste  electiode  surface. 

Cn  the  basis  of  the  results  obtained,  ma3S  transfer  to  a 
partially  immersed  cylinder  under  the  condition  of  forced  con¬ 
vection  can  be  discribed  in  tho  same  way  as  the  case  of  flat 
place  in  free  stream^ K  All  experimental  results  fit  to  equa¬ 
tion 

Sh  .  (2/PkT  )  Re;/2  Sc 1/2 
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for  the  mass  transfer  on  flat  plate  with  uniform  velocity, 
figure  1. 

It  is  interesting  to  observe  that  the  limiting  current  density 
increase  wit.n  decrease  of  immersion  degree,  Phis  offer  one  more 
possibility  to  run  production  capacity  of  such  reactor  type. 
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POTENTIAL  AND  CURRENT  DISTRIBUTION  IN  A  FLUIDIZED  BED  ELECTRODE 
G.  VALENTIN  and  A.  STORCK 

Laboratolre  des  Sciences  du  Genie  Chimique  -  CNRS-ENSIC 
I,  rue  Crandville  -  54042  NANCY  Cedex,  France 

The  present  work,  reports  an  experimental  Investigation  of  copper 
deposition  in  a  laboratory  scale  fluidized  bed  electrode  and  attemps  to 
describe  the  macroscopic  behaviour  of  the  electrode,  taking  into  account 
the  experimental  conditions  :  bed  porosity,  operating  current  intensity, 
mass  transfer  rates,  solution  conductivity  and  equivalent  electrical  conduc- 
tibility  of  the  bed  particles. 

Figure  1  illustrates  the  cell  configuration  and  the  potential  mea¬ 
surements  within  the  bed  using  a  microcomputer.  Such  a  device  allows  the 
local  time  variations  of  the  solution  potential  4S  and  the  metal  potential 
♦b  of  a  fixed  particle  at  a  same  location  to  De  deduced.  For  a  given  bed 
porosity  (c  =  0.55)  and  current  intensity  (I  “  2.5  A),  figure  2  presents  an 
example  of  such  variations,  showing  clearly  that  Sjj  varies  between  two  le¬ 
vels  :  one  corresponding  to  the  thermodynamic  equilibrium  and  the  other  to 
a  potential  very  close  to  the  feeder  potential.  The  communication  will  dis- 
cu  a  the  effect  of  most  important  parameters  on  the  potential  and  over- 
potential  profiles  inside  the  bed. 

Furthermore,  theoretical  analyses  of  the  characteristics  of  the 
particulate  electrode  will  be  presented  with  combinations  of  the  general 
equation  of  electrode  reaction  and  the  operating  fluidization  parameters. 

The  model  is  based  on  the  one  dimensional  two-phase  approximation  of  the 
porous  electrode ^with  the  equivalent  electrical  resistivities  pm  for  me¬ 
tal  and  ps  for  solution). 

For  a  single  electrode  cathodic  reaction  (involving  ve  Faradays), 
the  main  equations  governing  the  overpotential  and  potential  distributions 
are  : 


-  the  charge  balance  equation  : 

-  (oa  +  ps).a.i 

associated  with  the  electrochemical  reaction  rate  given  by  the  Butler- 
Voimer  equation  including  mass  transfer  limitations. 

-  the  mass  balance  equation  for  the  reacting  species J: 

ue.F.u.(C0  -  C(x))  *  -  I  a.l.dx 

J  o 

(Concentration  change  along  the  electrode  may  therefore  be  taken  into 
consideration) . 

by  computer  treatment  of  the  previous  equations  with  appropriate 
boundary  conditions,  t lie  spatial  distributions  of  E  and  also  }n  and  v£. 
(potential  of  the  metal  and  solution  respectively)  are  deduced  assuming 
that  the  faradaic  yield  is  100  '.  Comparison  between  the  experimental  and 
calculated  profiles  of  allows  the  unknown  model  parameter  to  be  ob¬ 
tained.  For  copper  removal  from  a  sulphuric  acid  solution  within  a  fluidi¬ 
zed  ted  electrode  iparticle  diameter  :  670  am  ;  density  :  8.9  g/ern-^) 


i 


operated  at  different  current  Intensities  I,  there  is  a  good  agreement  as 
shown  by  the  results  of  figure  3  (best  fit  obtained  for  pm  -  l.lCT^  O.m). 
For  the  same  conditions  figure  4  gives  the  variations  of  the  current  distri¬ 
bution  is  largely  non  uniform  and  an  important  fraction  of  the  bed  operates 
near  the  thermodynamic  equilibrium  (where  i  'v  0) .  More  over  an  increase  of 
the  fluid  velocity  or  bed  porosity  and  consequently  of  the  metal  resistivi¬ 
ty  p. jj  results  in  the  appearance  of  a  second  electrochemically  active  zone 
at  the  down  part  near  the  current  feeder.  Finally,  the  comparison  between 
calculated  and  experimental  overpotential  distributions  (taking  also  into 
account  the  tine  variation  of  4^  mentioned  in  figure  2)  is  reported  in  fi- 
figures  5  and  6  :  in  bot:.  cases  (I  is  different),  Che  agreement  is  excel¬ 
lent  if  one  considers  the  upper  part  of  the  experimental  range  of  varia¬ 
tions.  The  existence  of  packed  bed  clusters  already  mentioned  in  the  lite¬ 
rature  Hseems  therefore  to  be  clearly  demonstrated. 

From  these  results,  it  appears  that  the  advantage  of  avoiding  the 
clogging  of  particles  during  the  treatment  of  metal-bearing  industrial 
effluent  is  counterbalanced  by  a  bad  current  distribution  (or  selectivity). 
Due  to  this,  the  electrochemical  fluidized  bed  technology  is  loosing  its 
interest . 

NOMENCLATURE 

a  :  specific  surface  area 
C0  :  inlet  copper  concentration 

C(x):  local  bulk  copper  concentration 
E  "  »m  "  4s  :  electrode  potential 
i  :  local  current  density 

j  :  fluid  velocity 

x  :  axial  coordinate  along  the  bed 
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riASS  TRANSFER  ENHANCEMENT  IN  EMULSION  SYSTEMS 

C.  FURIET,  G.  VALENTIN  and  A.  STORCK 
Laboratoire  des  Sciences  du  Gdnie  Chimique 
CNRS-ENSIC,  1  rue  Grandville 
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Electrochemical  treatment  of  two-phase  liquid  systems  has  aroused 
interest  in  pitot  and  industrial  scale  organic  electrosynthesis  1 ,  especial¬ 
ly  for  slightly  soluble  compounds.  Although  such  processes  show  outstanding 
advantages  (low-resistance  electrolyte  with  respect  to  a  non  aqueous  medium, 
high  selectivity,  improved  current  densities),  little  work  has  been  reported 
cn  phenomena  involved  in  these  emulsions.  At  the  present  time,  through  lack 
of  data  and  correlations,  scale  up  requires  substantial  support  in  electro¬ 
chemical  engineering. 

Turbulent  mass  transfer  to  an  expanded  metal  electrode  has  been  in¬ 
vestigated  in  a  new  design  of  electrolyser  with  two  immiscible  liquid  elec¬ 
trolytes.  A  spinning  device,  provided  with  four  metal  blades,  was  made  sui¬ 
table  for  both  electrolysis  and  liquid  dispersion.  Operating  parameters  in¬ 
vestigated  were  stirring  rate  (N),  volume  fraction  (c)  and  density  (p)  of 
the  disperse  organic  phase.  Mass  transfer  rates  to  the  working  electrode 
were  obtained  with  the  customary  limiting  current  method  by  means  of  a  ra¬ 
p’d  redox  system  (either  ferri-/ferrocyanide  or  iodine/iodide,  whether  the 
elect  react  ive species  is  present  only  in  the  aqueous  phase  or  in  both  liquids). 
r  'janic  phase  was  kept  in  contact  with  the  aouoous  electrolyte  in  a  storage 
reservoir  until  just  before  suspended  in  the  cell,  so  that  liquid-liquid 
cqui liprium  was  achieved. 

Tr’al  runs  carried  out  for  one-phase  flow  show  attractive  mass 
~ rens ver  rates  k-,,  over  n./s  (Fig.  1),  with  regard  to  technical  electro- 

■  y  j  i  'j  c  f  1. 1  . 

In  heterogeneous  liquid  systems,  it  was  found  that  the  Uniting 
cu- rent  densities  were:  (i)  nearly  the  same  in  the  case  of  an  inert  organic 
mace  (toluene)  lighter  than  the  aqueous  electrolyte  (Fig.  2)  Cii)  at  most 
25%  greater  with  emulsions  of  carbon  tetrachloride  (p=1.6)  (Fig.  2).  Some¬ 
thing  very  similar  was  reported  for  turbulent  and  laminar  flows  in  previous 
in vestigaUons  2, 3, 4, 5.  Energetic  heterogeneities  induced  by  droplets  in  the 
vicinity  of  the  hydrodynamic  layer  near  the  electrode  may  subsequently  com¬ 
press  the  underlying  diffusion  layer,  that  is,  improved  mass  transfer  is 
ooserved.  Nevertheless,  sufficient  disturbance  enhances  mass  transfer  rates 
only  if  the  dispersed  phase  possesses  a  higher  density  than  the  aqueous  elec¬ 
trolyte.  For  such  emulsions  the  enhancement  factor  is  defined  as  the  ratio 
of  the  diffusion  limited  current  in  two-phase  elctrolyte  to  the  same  quan¬ 
tity  in  droplet-free  liquid.  In  Fig.  4  this  factor,  called  E-j,  is  plotted 
carbon  tetrachloride  volume  fraction.  On  log-locj  coordinates  (Fig.  3), 
experimental  data  of  k<j  against  N  fall  on  a  straight  line  whose  slope  does 
not  cnarge  within  more  than  5%  throughout  the  range  of  CCl^  loads. 
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The  constancy  of  slope  implies  that  the  impinging  mechanism  (through  enhance¬ 
ment  factor  Ei)  depends  on  the  stirring  rate  orly  to  a  minor  extent.  It  there¬ 
fore  seems  tnat  kinetic  energy  plays  a  relatively  minute  oart  in  the  former 
mecnani sm. 


Whereas  sole  inert  toluene  drops  have  no  great  effect  in  homoge¬ 
neous  mass  transfer  (Fig.  2),electrochemically  active  iodine  as  a  solute  in 
the  organic  phase  allows  current  densities  to  be  increased  some  3  times 
(Fig.  5).  In  terms  of  enhancement  factor  Ea  vs  volume  fraction  e,  the  data 
suggested  that  Ea  rises  to  a  maximum  for  small  e  values  (Fig.  6).  Such  results 
are  attributed  to  a  "boundary  layer  replenishment":  droplets  supply  the  Nern- 
stian  diffusion  layer  where  liquid-liquid  equilibrium  is  shifted  through  a- 
queous  iodine  depletion  at  the  electrode.  Both  lower  liquid-liquid  mass  tran¬ 
sfer  and  interfacial  area  (from  droplet  coalescence)  and  an  electrode  scree¬ 
ning  effect  might  account  for  the  steadily  decreasing  values  of  Ea  with  in¬ 
creasing  volumic  fractions.  It  is  worth  mention  that  a  "replenishment  mecha¬ 
nism”  may  be  assumed  to  occur  if  the  droplets  of  the  organic  phase  are  able 
to  penetrate  through  the  hydrodynamic  boundary  layer  to  the  Nernstian  sublayer. 
Thus  the  latter  mechanism  cannot  depend  on  the  former,  that  is,  compression 
of  boundary  layers. 
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Figures  c.jpticn 

Tig.  1,2,3  and  5  :  Mass  transfer  coef f ’ c i ents  versus  stirring  rate 
f;s.  4  and  6  :  enhancement  factor  versus  dispersed  volume  fraction 
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HYPOCHLORITE  AND  CHLORATE  FORMATION 


L.J.J.  Janssen  and  E.  Barendrecht 
Laboratory  for  Electrochemistry,  Department  of  Chemistry 
Eindhoven  University  of  Technology 
P.O.  Box  513,  5600  MB  Eindhoven,  The  Netherlands 


Little  attention  has  been  paid  to  chlorine  generation  at  the  anode  in  dilute 
NaCl  solutions  at  a  pH  where  hypochlorite  and  chlorate  are  produced  yuiustri- 
ally.  The  current  efficiency  for  chlorine  evolution  strongly  depends  on  the 
nature  of  anode  material  [1,2,3]  and  the  effect  of  mass  transfer  for  Cl  ions. 

A  divided  electrolysis  cell  with  a  cation  exchange  membrane  was  used  to  reduce 
to  a  minimum  the  complexity  of  the  investigation  into  the  effect  of  various 
parameters  on  the  hypochlorite  and  chlorate  process.  Experimental  details  are 
extensively  given  in  [3]. 

The  rate  of  the  hypochlorite  formation,  n3,  and  that  of  the  chlorate  forma¬ 
tion,  n^,  are  determined  as  a  function  of  electrolysis  time,  t#,  for  a 
NaCl  electrolysis  at  a  platinum  electrode  (15.6  cm2)  in  a  NaCl  solution  with 
an  initial  chloride  concentration,  c^  .  The  pH  of  the  bulk  solution,  the 
current  density  i,  the  flow  rate  of  solution  v,  and  the  temperature  of  solu¬ 
tion  were  kept  constant  during  the  electrolysis.  From  the  rate  of  hypochlorite 
formation  at  t^  a  0  obtained  by  extrapolation,  the  efficiency  of  hypochlo¬ 
rite  formation  at  t  =  0,  ru  n  was  determined.  In  Fig.  1  T)  is 

plotted  versus  current  density  i.  The  efficiency  of  chlorate  formation  at 
te  *  ^4  O’  Was  Prac': icelly  zero.  During  the  first  periods  of 

electrolysis,  where  the  hypochlorite  concentration  was  less  than  40  mM, 
n4  was  proportional  to  c^  and  the  chemical  chlorate  formation  can  be 
neglected. 

From  the  slope  of  n  /c„  curve  at  low  c„  and  mass  transfer  measurements 
4  3  3 

where  hypochlorite  was  reduced,  it  has  boen  concluded  that  for  the  electroly¬ 
tic  conditions,  given  in  the  subscription  of  Fig.  1,  the  electrochemical  for- 
8  2 

nation  of  chlorate,  n^,  is  determined  at  i  >  1.5  tA/m  by  diffusion  of 

2 

hypochlorite  only  and  at  i  <  1.5  kA/m  by  both  diffusion  of  hypochlorite  and 
electrode  kinetics  of  chloride  oxidation. 

2 

It  has  been  concluded  that  even  at  the  highest  i  =  4.5  kA/m  the  rate  of 


04131 


the  rate  of  hypochlorite  formation  ,  where  n^  =  2  n^  =  2  n^,  are 
determined  by  diffusion  of  chloride  as  well  as  electrode  kinetics  of  chloride 
oxidation . 

The  effect  of  pH  has  been  investigated  in  the  pH  range  from  8  to  11.2.  It  has 

2 

been  found  that  at  a  low  current  density,  vis.  0.39  kA/m  ,  both  the  rate  of 
hypochlorite  formation  and  the  rate  of  electrochemical  chlorate  formation  are 
independent  of  pH. 


The  effect  of  NaCl  concentration  has  been  investigated  in  the  concentration 

3  2 

range  from  17  to  1026  mol/m  it  i  -  4.09  and  0.64  kA/m  .  Deviating  from 

2 

the  usual  procedure  for  the  series  of  experiments  at  i  =  4.09  kA/m  ,  after 
each  period  of  electrolysis,  the  current  was  switched  off  for  5  minutes  to 
homogenize  the  anolyte. 

For  both  series  of  experiments  r>  increases  with  log  c  .  The  rate  of 

chlorate  formation  at  i  =  0.64  kA/m  is  practically  zero  and  that  at 

2  3 

i  =  4.09  kA/m  strongly  depends  on  c  ,  viz.  17  and  40  mol/m  ,  the 

1.  ,  u 

current  efficiency  for  chlorate  formation  T)  is  practically  independent  on 

c,  and  ti  „  is  about  0.1. 

3  4,0 

At  Ci  o  >  50  mol/ra  decreases  with  increasing  c ^  ^  and  becomes 
zero  for  c ^  Q  higher  than  about  300  mol/m3.  At  c^  Q  >  500  mol/m3 

ti  is  zero  up  to  a  fixed  c„  and  thereafter  ti  increases  with  increa- 

4  3  4 

sing  c^.  In  Fig.  2  ti^  and  T)^  are  plotted  versus  the  average  concen¬ 
tration  of  hypochlorite  in  a  period,  c,  .  Moreover,  in  this  figure  the 

3 ,  a 

anode  potential  is  ,  corrected  for  ohmic  potential  drop,  is  also  given  as  a 
a 

function  of  c,  .  Frcm  Fig.  2  it  follows  evidently  that  the  formation  of 
3 ,  a 

chlorate  and  the  decrease  in  the  anode  potential  occur  simultaneously.  Conse¬ 
quently,  the  nature  of  the  electrode  surface  has  to  be  changed  during  the 
decrease  in  anode  potential.  To  explain  this  change  additional  resencch  is 
necessary . 

Re  ferenr.es 

1.  A.T.  Kuhn  and  C.J.  Mortimer,  J.  of  Applied  Electrochemistry  2,  283  (1972). 

2.  M.  Spasojevic,  H.  Krstajic  and  M.  Jaksic,  Surface  Technology  21,  19  (1984). 

3.  L.J.J.  Janssen  and  E.  Barendrecht,  to  be  published. 


-  2  - 


yn*. 


04132 


t  1£ 


0  H 


3  4' 


- I  .  k  A  m'J 


Fig  l  The  current  efficiency  of  hypochlorite  formation  at  the  start  of  elec¬ 
trolysis  is  given  as  a  function  of  current  density. 

-4  2 

Electrolysis  conditions:  anode:  platinum  sheet  of  15.6  x  10  m  ; 

3 

initial  concentration  of  NaCl  in  anolyte:  513  mol/m  ;  initial  volume 

-3  3 

of  anolyce:  1.15  x  10  m  ;  pH:  8.5;  temperature:  323  K;  velocity 
of  ar.olyte  flow:  0.07  m/s. 
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THE  KRAMERS  -  KRONIG  RELATIONS  AND  EVALUATION  OF  IMPEDANCE 
FOR  A  DISK  ELECTRODE 

M.M.  JAKSIC  and  J.  NEWMAN 

Department  of  Chemical  Engineering,  University  of  California,  Berkeley 


To  meet  the  original  impedance  function 

Z(u)  =  Zr(u.)  +  i  Z^u)  =  Z^  +  z(u}  ♦  ^  (1) 

connected  with  the  Kramers-Kronig  (K-K)  relations,  where  z(w)  represents  an 
auxiliary  function  well  behaved  at  <*>=  0  and  vanishing  as  or*30,  and  o  the  cons¬ 
tant  strength  of  pole  in  impedance  at  zero  frequency,  the  impedance  can  be 
considered  as  the  Laplace  transform. 


z(s)  =  Z(s)  -  =  7  e‘st  f(t)  dt  (2) 

c 

where 

s  »  sr  +  iw  (3) 

a)  There  are  no  poles  in  the  right  half  plane  for  passive  (insulating) 
systems,  d)  There  could  be  a  simple  pole  at  s  =  0,  and  it  is  subtracted  out 
(Fig.  1).  c)  z ( s )  is  analytic  in  the  right  half  plane  and  thus  subject  to 
Cauchy  integral  formula. 


|  liU- 

‘  S-1W 


ds  =  0 


(4) 


so  that  integration  around  the  entire  contour  C  (Fig.  1)  leads  to  (whit  w  and 


interchanged) . 


00  Z(^  ) 

^  v  o' 


1  -  I?- 


a)  -  Co 
0 


d*Q  +  mi  j  Z(w)  -  Za 


10 


*  0 


(5) 


where  -[.denotes  the  Cauchy  principal  value  of  the  integral.  Taking  the  real 
and  imaginary  parts  separately,  and  suppressing  i  in  argu.ent,  there  follow 
the  K-K  relations  for  the  dis*  electrode  impedance1 

,  *  zi(V  ■  r; 

1  I _ r: 

r  t 


1,2 


Zr(a.)  -  z  .  =  -  I  I - -  d->„ 


(6) 
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and 


!f<“>  ■  ?  f 


1  [  2r^uo)  “  .  a 

da>  +  - 
0  oj 


(7) 


CJ  -  0) 

-  oo  0 


Taking  the  advantage  of  symmetry  |  Zr(w)  is  even  in  w,  and  Z^(w)  is  odd  in 
jj  |and  evaluating  for  positive  frequencies,  there  further  follows, 


,  r  CO  Z  ■  f  CO  ) 

2  1  o  o; 


ana 


Zt  \  -f  C.  I  U  I 

r(w)  -  =  -  *  r  ~ o — j 

;  UJ  -  w 

0  0 

W'Z' 


dw 


T 

'.0  -  10 
0 


doj  +  2 
2  0  co 


(3) 


(9) 


•  2  2 

Notice  that  J- du>0/(u)n  *  co*-)  =  0.  According  to  the  equivalent  circuit  (Fig.1), 
o  0  0 

real  and  imaginary  parts  of  the  impedance  can  be  related  to  the  effective  re¬ 
sistance  and  capacitance  as  follows 


Zr(co) 


'eff 


(co.); 


Z-iU) 


T 


(10) 


7rro  Ceff 

For  an  ideally  polarizable  electrode,  where  faradaic  reactions  cannot  occur 
(J  =  (aa  +<*c)  WRTk  =  °) 


o  =  - 


TfC  r; 


(11) 


.,-.,3 


and  at  high  frequencies  ,  Z m-  1/4  <rQ,  so  that  with  dimensionless  frequency 
=  coCrQ/<),  tne  K-K  relations  take  on  a  more  suitable  form  for  the  impedance 
at  a  disk  electrode: 


4<roReff(n)  ’  1 


VO 

%f 

H6  > 


5Ttf(V  57fgT 

-2  -  ->2 
'*a  n 


df< 


and 


C  ...2,.  ^  1  •  W  „ 

r  aT  *  r° Co  ’  •  r  i - v — c - d'-» 

0 


'eff v 


■2  ;2 
"0  '  “ 


(12) 


(13) 


These  allow  the  calculations  of  the  etfective  resistance  from  the  effective  doub- 
le-layer  capacity,  and  vice  versa,  and  any  singularity  at  f?  -  0  is  effectively 
avoided.  Thus  no  longer  need  for  the  Cauchy  principal  values.  Two  relations  for 
capacitance  and  effective  resistance, 
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and 


♦  b  o  *  o2) 


(14) 


4i<ro  Reff^  '  1 


1 

- - -  =  f(fi) 

O'.  0357?  +  2fi 


(15) 


3 

were  employed  to  approximate  calculated  values  in  the  previous  paper  to 
check  the  K-K  relations  for  evaluation  of  impedance  of  the  r.d.e.  These  rela¬ 
tions  brought  in  very  good  approximation  the  K-K  relations  for  evaluation  of 
capacitance  from  effective  resistance,  and  vice  versa.  However,  with  residual 
function  integrals  for  capacitance  and  effective  resistance,  the  two  relation¬ 
ships  were  brought  into  an  ideal  agreement  (Fig.  2  and  3). 

The  present  paper  has  shown  that  the  impedance  values  from  the  disk  elec¬ 
trode  perfectly  obey  the  K-K  relations.  One  of  the  main  benefits  of  the  K-K 
relations  is  the  ability  to  calculate  the  values  of  the  effective  resistance 
from  the  capacitance,  and  vice  versa.  The  interpretarion  of  impedance  by  the 
K-K  relations  depends  on  the  functions  used  for  the  capacitance  and  effective 
resistance:  the  higher  the  accuracy,  the  better  the  agreement.  However,  to 
calculate  any  individual  value  of  the  capacitance,  or  the  effective  resistance, 
from  the  K-K  relations,  one  has  to  calculate  the  integrals  for  the  entire  ran¬ 
ge  of  frequency  from  zero  to  infinity.  Normally,  such  calculations,  as  in  the 
paper,  have  to  proceed  through  the  approximate  relations,  including  the  resi¬ 
dual  function  integrals. 
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ELECTROCHEMICAL  BEHAVIOUR  OF  HYDROUS  IRON  HYDROXIDE  FILMS 

IN  ALKALINE  SOLUTION 

M.E.  Vela,  J.R.  Vilche  and  A.J.  Arvia 
Institute)  de  Investigaciones  Fisicoqufmicas  Teoricas  y  Aplicadas 
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INTRODUCTION 

Most  of  the  conclusions  related  to  the  time-dependent 
structures  of  the  oxi-hydroxide  surface  layer  on  iron,  were 
obtained  from  massive  iron  electrodes  where  the  electrodissolu¬ 
tion  contribution  of  the  base  metal  int.erferesl-5.  This  inter¬ 
ference  can  be  overcame  by  using  platinum  electrode  covered 
with  a  precipitated  hydrous  iron  hydroxide  layer.  In  this  way, 
tne  influence  of  any  structural  change  of  the  iron  hydroxide 
layer  on  the  kinetics  of  the  different  electrochemical  reactions 
car  be  vol tamme t r i cal  1 y  followed. 

EXPERIMENTAL 

The  experimental  set-up  and  electrode  preparation 
procedure  are  the  same  already  described  in  previous  publica¬ 
tion  s  -  » ? .  The  precipitation  of  iron  hydroxide  on  the  clean 
platinum  electrode  was  made  by  alternate  ana  repetitive  immers¬ 
ing  the  substrate  '  n  z  M  FeS04 .  7  H?0  (solution  I),  0.002  *;  z  t 
0.2,  and  in  x  M  K0H  +  y  M  KvSOg ( so  1 u t  i  on  II;,  0.01  *  x  *  1  ana 
J  <  y  *  C.33.  The  number  of  immersions  (n;  in  each  solution  was 
5  r  ,  100  and  the  immersion  time  was  set  at  5  s.  The  average 
tbicKr.ess  of  the  iron  hydroxide  layer  was  varied  accordingly  to 
botn  r.  and  the  concentration  of  the  precipitating  solutions. 

Vo  1  tamme  t  **i  c  runs  at  25°C  were  performed  in  the  following 
electrolyte  so'lutions:  0.01  M  K.0H  +  0,33  M  <2^4  (solution  A); 

1  -1  KOH  (solution  2);  borate-boric  acid  buffers  (solution  C). 
Potentials  in  the  text  are  referred  to  the  N H E  scale. 

RESULTS 

The  voltammetric  response  of  the  precipitated  iron  hydroxide 
■-■iectrcde  in  base  solutions  depends  on  thw  o»  £•' i  p  i  ta  t  i  on  condi¬ 
tions,  on  the  parameters  defining  the  electrical  perturbation, 
ana  on  the  number  of  potential  cycles.  The  charge  decrease  in 
tne  negative  potential  region  of  the  vol tammograms  during 
repetitive  potential  sweeps  can  be  associated  with  tne  HER  tak¬ 
ing  place  on  Pt  in  the  presence  of  the  hydrous  iron  hyr-cxide 
layer.  As  the  cathodic  switching  potential  (Es  c)  becomes  more 
negative  the  HER  contribution  increases  and  the  vo 1 tammog rams 

0  more  complex. 

when  the  perturbation  programme  includes  a  potential  hold¬ 
ing  at  £ s , c  during  the  time  t  before  continuing  the  potential 
cycle,  tne  stabilized  vol tammogram  obtained  in  solution  A  is 
tawed  faster  as  :  increases.  This  time,  however,  depends  or 


|y 
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the  amount  of  active  material  on  the  electroae.  Therefore,  a 
certain  ca thod i za t i on  is  required  to  achieve  the  complete  electro 
reduction  of  the  surface  layer  at  the  fixed  Es,c  values. 

The  composition  of  the  precipi  tatirg  solutions  'Influences 
the  electrochemical  characteristics  of  the  thin  iron  hyaroxide 
layers.  For  a  constant  n,  the  amount  of  active  material  increases 
with  the  concentration  z  of  Fe  +  2  ion  in  the  precipitating  solu¬ 
tion.  Consequently  the  voltammetric  peaks  become  broader  and 
the  vol tammograms  approach  those  resulting  with  massive  iron. 

For  different  values  of  n  the  accumulation  of  the  anodic  (Qa) 
and  the  cathodic  (Qc)  charge  vs  z  plots,  exhibit  a  maximum.  For 
a  constant  z  the  voltammetric  charge  increases  linearly  with  n, 
the  slope  of  the  straightline  being  proportional  to  log  Cpe2+. 

As  z  decreases  this  relationship  extends  over  a  greater  range 
of  n.  On  the  other  hand,  beyond  a  certain  value  of  either  n  or  z 
the  accumulation  of  charge  decreases. 

The  voltammetric  response  of  thick  iron  hydroxide  layer 
(n=100)  depends  to  a  great  extent  on  v,  and  eventually  on  Es,c 
and  £s ,a • 

The  v o 1 tammog ram  covering  from  0.24  V  to  -1.16  V  approaches 
that  already  described  for  massive  iron  electrodes  under 
comparable  condition^. 

The  increase  in  pH  probably  favours  a  lower  water  content 
in  the  iron  hydroxide  layer,  which  turns  its  electroreduction 
at  a  constant  potential  more  difficult,  and  for  this  purpose, 
tne  presence  of  water  within  the  layer  is  required. 

DISCUSSION 

The  voltammetric  behaviour  of  thin  precipitated  iron  hy¬ 
droxide  electrodes  in  solution  A  in  tne  -0.6  V  to  -0.4  V  range 
is  influenced  by  the  extent  of  the  contribution  of  the  HER  at 
Dt,  depending  on  the  ca thod i z a t i on  conditions  and  on  the  amount 
of  iron  hydroxide.  The  kinetic  ch«' ar.teri  sties  of  the  anodic, 
peak  related  to  the  electrooxidation  of  hydrogen  doper  a  whether 
a  thin  cr  thick  iron  hydroxide  electrode  is  considered.  For  torn 
layer  electrodes  (n=5)  the  vol tammog ram  implies  only  the  surface 
h-adatom  el  ec  troreduct  i  or.  reaction,  while  for  thick  layer 
electrodes  ( n  =  1 0  0 )  the  molecular  hydrogen  el ec troox  i  da ti or  is 
to  a  large  extent  controlled  by  diffusion  of  the  reactant  from 
the  solution  side. 

The  voltammetric  conjugated  peaks  at  ca  -0.4  V  ccrre sronds 
tc  the  overall  reaction  Fc(II)  -  Fe(III)  +  e  which  is  a::...* 
influenced  by  the  local  decrease  in  pH  produced  by  the-  preced¬ 
ing  reaction  at  -0.6  V . 

As  Es  c  is  made  more  negative  a  greater  degree  of  electro- 
reduction  of  the  iron  hydroxide  layer  is  accomplished  and  under 
certain  conditions,  the  relative  contribution  of  the  HER 
dec-eases.  Hence,  a  better  definition  of  octh  anodic  and  cathodic 
peaks  is  observed.  The  c 3 th od i z a t i on  at  Es  c  causes  the  forma¬ 
tion  of  a  pcorly  hydrous  F03O4  film  which  is  rather  difficult 
to  reduce  further.  On  the  other  hand,  as  Es  a  is  gradually  fixed 
at  increasingly  positive  potentials  the  contribution  of  the  0- 
elc-ct  roadsorotion/el  ectrode  sorption  reactions  on  P  t  becomes  more 
important. 
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The  results  from  thick  iron  hydroxide  layers  suggest  that 
the  pH  in  the  iron  hydroxide  precipitation  reaction  becomes 
largely  determined  by  the  hydrolysis  and  the  ionic  equilibria 
involving  ferrous  and  ferric  species  in  solution. 

Both  total  charge  vs.  p[Fe2+]  and  Deak  charge  vs.  n  plots 
can  be  explained  by  admitting  that  two  competing  reactions  take 
place,  namely  the  forma  tion  and  dissolution  of  the  hydrated 
hydroxide  layer.  The  counterbalance  of  these  reactions  should 
depend  considerably  on  the  local  d rec i p i ta t i on  pH  at  the  iron 
hydroxide  layer.  For  small  p[ Fe+2]  the  local  precipitating  pH 
is  apparently  determined  by  the  KOH  concentration  in  solution  II. 
For  large  p[Fe+-]  values,  it  should  be  influenced  by  the  concentra 
tion  of  FeS04  in  solution  I. 

Thick  iron  hydroxide  layers  (n=100)  probably  consist  of  a 
double  structure  made  of  an  inner  layer  which  is  mainly 
responsible  of  the  ageing  effects  and  an  outer  layer,  which  is 
associated  with  the  diffusional  resistance  apoearing  in  the 
overall  electrochemical  reaction. 


In  conclusion,  the  results  obtained  with  the  precipitated 
iron  hydroxide  electrodes  show  that  the  voltammetric  response 
of  the  hydrous  iron  hydroxide  layer  remains  practically  the 
same  whether  it  is  formed  on  Fe  or  previously  precipitated  on 
Pt.  The  layer  structure,  particularly  the  outer  part,  depends 


the  solution  pH,  which  to  same  extent  is  determined  by  the 


ionic  species  present 


the  solution  including  OH"  and  Fe 


ions  and  their  insertion  into  the  hydrous  iron  hydroxide  film. 
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RECENT  DEVELOPEMENT  OF  CASIDIE  PROGRAM  FOR  CALCULATION  AND  SIMULATION  OF 
ELECTROCHEMICAL  IMPEDANCE  DIAGRAMS 

J.P.  DIARD  ,  B.  LE  GORREC  ,  C.  MONTELLA 

Laboratoire  d' Energetique  Electrochimique  L.A.  CNRS  n°  265. 

Ecole  Nationale  Sup^rieure  d* Electrochimie  et  d' Electrom6tallurgie 
Domaine  Universitaire  B.P.  75,  38402  SAINT  MARTIN  d'HERES  -  FRANCE  - 


This  program  has  been  designed  for  Hewlett-Packard  items  HP  9816,  HP  9826  and 
HP  9836  .  It  is  written  in  Basic  2.  The  diagrams  and  comments  can  be  edited  on 
HP  7470  A  plotter.  It  is  available  from  SOLEA-TACUSSEL  company. 

With  that  program,  for  a  selection  of  memorized  electrochemical  reactions  mecha¬ 
nisms,  one  can  now  : 

-study  the  evolution  of  the  steady  state  current  with  potential  electrode 
-study  the  evolution  of  impedance  diagrams  as  a  function  of  the  electrode 
polarisation  ,• 

-study  the  elementary  impedances  of  which  the  electrode  impedance  is 
constitued  ; 

-compare  between  themselves  elementary  impedances  :  transfert  resistances, 


concentration  impedances,  etc. 


-study  the  influence  of  the  different  kinetic  parameters  of  the  studied 
mechanisms  (  transfert  coefficient,  kinetic  constant,  electroactive  species 
concentration  )  on  the  impedance  diagram  shape  and  on  the  importance  of  its 
different  loops. 


-study  the  evolution  of  the  modulation  of  electroactive  species  with 


f requency . 


The  memorized  library  include  several  mechanisms  :  redox  mechanism,  redox 
mechanism  EC/CE,  e Loctrosorption  mechanism,  cathodic  reduction  mechanism 
!:■*■/:  ovsky  mechanism  )  ,  cathodic  reduction  mecnumsm,  (Volmer-Tatol 
mechanism  ) ,  metal  dissolution-passivitisn  mechanism,  two  metal  corrosion 
mechanisms,  electroir.tercalation  mechanism. 
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After  entering  of  the  program  and  selection  of  a  mechanism,  one  proceed  using 
a  conversational  mode.  Starting  from  a  set  of  typical  values  of  the  mechanism 
various  parameters,  the  user  can  modify  one  or  several  values  of  the  kinetic 
parameters  :  transfert  coefficient,  kinetic  constant,  electroactive  species 
concentration  as  well  as  the  calculation  conditions  of  the  impedance  diagrams, 
electrode  potential,  studied  frequency  range  ,  etc... 

The  study  of  the  evolution  of  the  impedance  diagrams  as  a  function  of  the 
electrode  potential  is  made  easier  using  an  ortho-scaled  display  of  the  standar¬ 
dized  electrode  impedance.  The  frequency  notation  of  3-D  diagrams  is  optional. 
The  study  of  the  elementary  impedances  can  be  effected  in  the  Nyquist  or  in  the 
Bode  plane.  Some  examples  of  edited  results  are  given  by  Pigs  1,2. 
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KINETICS  OF  THE  MANGANESE  DIOXIDE  ELECTRODE  STUDIED  WITH 
ROTATING  RING  DISC  ELECTRODES 


A.  Grzegorzewski  and  K.  E.  Heusler 
Abteilung  Korrosion  und  Korrosionsschutz 
Institut  fur  Metallkunde  und  Metallphysik 
Technische  Universitat  Clausthal 
D  3392  Clausthal-Zellerf eld ,  Federal  Republic  of  Germany 


The  electrodeposited  jf-phase  of  manganese  dioxiae  exists  in  a 
wide  range  of  compositions  /I/.  The  main  components  are  manga¬ 
nese,  oxygen  and  hydrogen.  If  one  describes  the  composition  by 
MnO  . yH_0,  it  appears  that  there  is  some  coupling  bet¬ 
ween  tne  degrees  x  of  oxidation  and  y  of  hydration.  Therefore, 
the  less  general  formula  MnOOHz  is  sometimes  used.  As  a 
logical  consequence  of  the  variability  of  the  composition  of 
phases  containing  more  than  one  component,  there  must  be  at 
least  as  many  parallel  currents  between  the  phase  and  a  neigh¬ 
bouring  phase  as  there  are  components.  In  principle,  each  of 
the  component  currents  must  involve  the  transfer  of  complexes 
containing  the  components  in  different  ratios  /2  /.  At  ^-manga¬ 
nese  dioxide  in  an  aqueous  solution  of  some  manganese ( II )  salt 
the  component  currents  are  of  an  electrochemical  nature.  In  the 
simplest  case  one  expects  the  transfer  of  manganese  ions, 
oxygen  ions  and  hydrogen  ions.  In  addition  there  may  be  neutral 
currents  m  which  e.g.  water  is  transferred. 

A  manganese  dioxide  film  on  an  "inert"  metal  like  Pt  or  Au  is 
considered.  The  oxide  exchanges  only  electrons  with  the  metal. 
In  complete  equilibrium  the  electrochemical  potential  of  the 
icns  is  the  same  at  both  sides  of  the  oxide/ solution  interface. 
Electronic  equilibrium  within  the  oxide  and  across  the  metal/ 
oxide  interface  defines  the  chemical  potentials  of  the  compo¬ 
nents.  One  may  consider  the  oxide  electrode  as  a  manganese 
electrode  exchanging  manganese  ions,  as  an  oxygen  electrode 
exchanging  oxygen  ions  or  as  a  hydrogen  electrode  exchanging 
hydrogen  ions.  If  one  applies  e.g.  a  positive  overpotential, 
all  the  component  currents  become  anodic,  i.e.  manganese  ions 
and  hydrogen  ions  dissolve  from  the  oxide  and  oxygen  ions  enter 
it.  The  composition  of  the  oxide  changes  towards  a  higher 
degree  of  oxidation  and  the  chemical  potentials  of  the  compo¬ 
nents  as  well  as  the  respective  equilibrium  potentials  change 
accordingly.  For  an  oxide  in  which  the  metal  ions  are  in  a 
higher  state  of  oxidation  than  in  the  neighbouring  electroly¬ 
te,  the  shift  of  the  equilibrium  potential  between  metal  in  the 
oxide  and  metal  ions  in  the  electrolyte  is  larger  than  the 
shift  of  the  equilibrium  potential  between  oxygen  in  the  oxide 
and  water  /2,  3/.  Consequently,  there  is  a  potential  region 

wr.ere  on  anodic  current  can  flow  for  one  component  and  a  catho¬ 
de  current  for  another  component.  Although  the  degree  of  oxi¬ 
dation  can  be  changed  by  any  of  the  3  component  ion  currents, 
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steady  state  deposition  or  dissolution  of  the  oxide  is  possible 
only  by  transfer  of  oxygen  and  manganese.  The  steady  state 
electrode  potential  is  in  between  the  oxygen  and  manganese 
equilibrium  potentials,  respectively,  as  determined  by  a 
ratio  of  the  component  currents  necessary  to  deposit  or  dis¬ 
solve  an  oxide  of  a  specific  composition  at  the  applied  total 
current: 

3Mn2+  +  2  2e  -  2Mn 

x  ( 3H.O  =  20  ♦  2  3H+  2  2e“) 

Mn2  +  +  x  H20  =  MnOx  +  2x  H*  +  2(x-1)  e 

The  lower  indices  in  front  of  the  symbols  indicate  the  oxide 
(2)  and  the  electrolyte  (3),  respectively.  In  principle,  for 
any  total  curent  density  the  degree  x  of  oxidation  and  the 
equilibrium  potentials  with  respect  to  the  components  are  dif¬ 
ferent.  Therefore,  useful  information  on  the  kinetics  and  the 
mechanism  of  the  component  reactions  can  only  be  obtained  by 
separating  the  total  currents  into  the  component  currents. 

Experimental 

A  rotating  ring-disc  electrode  was  used  to  separate  the  hydro¬ 
gen  ion  current  from  the  manganese  ion  current  the  sum  of  which 
is  the  total  current.  The  hydrogen  ion  current  results  from 
reaction  (2)  and  from  proton  transfer.  Separation  of  the  latter 
component  currents  was  achieved  by  mass  measurements  with  a 
quartz  frequency  balance,  but  results  will  be  reported  else¬ 
where.  A  manganese  dioxide  film  was  deposited  onto  the  Pt  disc 
at  0.2  raA/cra'  from  the  electrolyte  used  for  later  experiments. 
Usually  the  film  thickness  was  about  70  nm  corresponding  to  a 
charge  of  50  mC.  The  base  electrolyte  was  a  1  M  sodium  sulfate 
solution.  The  pH-value  was  adjusted  with  sulfuric  acid  or  so¬ 
dium  acetate/acetic  acid  buffer,  and  MnSO^  was  added.  Most 
measurements  refer  to  pH  4  and  a  manganese  sulfate  concentra¬ 
tion  c  =  0.05  M.  The  temperature  was  always  kept  at  40°C.  At 

the  Au  ring  electrode  changes  of  the  diffusion  limited  current 
of  hydrogen  evolution  due  to  the  disc  current  were  measured. 

Results 

Even  for  thin  manganese  dioxide  films  the  equilibrium  potential 
was  established  only  after  several  hours.  The  two  processes 
cccuring  are  a  decrease  of  the  degree  of  oxidation  and  struc¬ 
tural  relaxation.  The  equilibrium  potentials  changed  with  pH 
and  c  as  expected  from  theory  / 4 / ,  i.e.  d  E/d  pH  =  (x/(x-1)). 
( RT/F ) ( In  10)  or  about  140  mV/pH  at  constant  c  and  d  E/d  lg  c  = 
( 1 /2 ( x-1 ) ) ( RT/F ) ( In  10)  or  about  39  mV/decade  at  constant  pH. 
The  electrode  capacitance  obtained  from  galvar.ostatic  or  from 
potent lostatic  pulse  measurements  was  between  30  and  40  pF/cm3 
which  is  close  to  the  expected  double  layer  capacitance  at  a 
fairly  smooth  surface.  The  Ohmic  resistance  of  about  1  Ohm  cm’ 
was  located  in  the  electrolyte  and  not  in  the  oxide.  The  tran¬ 
sient  polarization  curves  obtained  immediately  after  charging 
the  capacitance  yielded  exchange  current  densities  of  the 
order  0.1  mA/  cm3  increasing  with  the  concentration  of  manga¬ 
nese  sulfate. 


(1  ) 
(2) 
(3) 
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steady  state  deposition  or  dissolution  of  the  oxide  is  possible 
only  by  transfer  of  oxygen  and  manganese.  The  steady  state 
electrode  potential  is  in  between  the  oxygen  and  manganese 
equilibrium  potentials,  respectively,  as  determined  by  a 
ratio  of  the  component  currents  necessary  to  deposit  or  dis¬ 
solve  an  oxide  of  a  specific  composition  at  the  applied  total 
current : 


^Mn^v  *  2  2s  -  2Mn 

x  (3H20  =  20  ♦  2  3H+  «■  2  2e') 

Mn2+  ♦  x  H20  =  MnO^  ♦  2x  H*  ♦  2(x-1)  e 


(1  ) 
(2) 
(3) 


The  lower  indices  in  front  of  the  symbols  indicate  the  oxide 
(2)  and  the  electrolyte  (3),  respectively.  In  principle,  for 
any  total  curent  density  the  degree  x  of  oxidation  and  the 
equilibrium  potentials  with  respect  to  the  components  are  dif¬ 
ferent.  Therefore,  useful  information  on  the  kinetics  and  the 
mechanism  of  the  component  reactions  can  only  be  obtained  by 
separating  the  total  currents  into  the  component  currents. 


Experimental 

A  rotating  ring-disc  electrode  was  used  to  separate  the  hydro¬ 
gen  ion  current  from  the  manganese  ion  current  the  sum  of  which 
is  the  total  current.  The  hydrogen  ion  current  results  from 
reaction  (2)  and  from  proton  transfer.  Separation  of  the  latter 
component  currents  was  achieved  by  mass  measurements  with  a 
quart2  frequency  balance,  but  results  will  be  reported  else¬ 
where.  A  manganese  dioxide  film  was  deposited  onto  the  Pt  disc 
at  0.2  mA/cma  from  the  electrolyte  used  for  later  experiments. 
Usually  the  film  thickness  was  about  70  nm  corresponding  to  a 
charge  of  50  mC.  The  base  electrolyte  was  a  1  M  sodium  sulfate 
solution.  The  pH-value  was  adjusted  with  sulfuric  acid  or  so¬ 
dium  acetate/acetic  acid  buffer,  and  MnSO^  was  added.  Most 
measurements  refer  to  pH  4  and  a  manganese  sulfate  concentra¬ 
tion  c  =  0.05  M.  The  temperature  was  always  kept  at  40°C.  At 

the  Au  ring  electrode  changes  of  the  diffusion  limited  current 
of  hydrogen  evolution  due  to  the  disc  current  were  measured. 

Results 

Even  for  thin  manganese  dioxide  films  the  equilibrium  potential 
was  established  only  after  several  hours.  The  two  processes 
occuring  are  a  decrease  of  the  degree  of  oxidation  and  struc¬ 
tural  relaxation.  The  equilibrium  potentials  changed  with  pH 
and  c  as  expected  from  theory  / 4/,  i.e.  d  E/d  pH  =  (x/(x-1)). 
( RT/F ) ( In  10)  or  about  140  mV/pH  at  constant  c  and  d  E/d  lg  c  = 
( 1 /2 ( x-1 ) ) (RT/F ) ( In  10)  or  about  39  mV/decade  at  constant  pH. 
The  electrode  capacitance  obtained  from  galvanostatic  or  from 
potentiostatic  pulse  measurements  was  between  30  and  40  pF/cm* 
which  is  close  to  the  expected  double  layer  capacitance  at  a 
fairly  smooth  surface.  The  Ohmic  resistance  of  about  1  Ohm  cm’ 
was  located  in  the  electrolyte  and  not  in  the  oxide.  The  tran¬ 
sient  polarization  curves  obtained  immediately  after  charging 
the  capacitance  yielded  exchange  current  densities  of  the 
order  0.1  mA/  cnJ  increasing  with  the  concentration  of  manga¬ 
nese  sulfate. 
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OXYGEN  REDUCTION  ON  IRON  IN  NEUTRAL  SOLUTION 
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Faculty  of  Technology  and  Metallurgy,  University  of  Belgrade, 
P.O.Box  494,  and  Institute  of  Electrochemistry  ICTM,  11001  Bel¬ 
grade,  Yugoslavia 


The  reduction  of  oxygen  on  iron  is  the  cathodic  process 
occuring  during  the  corrosion  of  steel  in  aerated  media  and  the 
understanding  of  the  reduction  mechanism  is  of  great  practical 
importance  for  corrosion  studies. 

In  this  work,  the  Oj  reduction  has  been  studied  on  pure 
iron  (Puratronic)  in  neutral  and  near  neutral  buffered  soluti¬ 
ons  of  pH  ranging  from  4  to  10,  containing  various  anions  (Cl  , 
2-  3- 

S04  ,  P04  ,  borate,  citrate,  bicarbonate  and  phthalate) .  A  ro¬ 
tating  disk  electrode  has  been  employed.  The  rotation  rate  va¬ 
ried  from  400  to  4900  rpm. 

Prior  to  dach  experiment  the  electrode  surface  was  grinded 
with  120  emery  paper,  washed  in  ethanol  by  using  an  ultrasonic 
cleaner,  then  rinsed  with  triply  distilled  water  and  left  for 
1  hour  in  the  cell  to  stabilize  the  corrosion  potential.  Cat¬ 
hodic  polarization  curves  were  then  recorded  by  a  linear  poten¬ 
tial  sweep  technique  with  the  scan  rate  of  10  mV /min. 

In  Fig.  1.  are  presented  cathodic  polarization  curves  for 
C>2  reduction  in  0.5M  NaCl  buffered  solution  pH  10  at  two  rota¬ 
tion  rates.  The  well  defined  S-shaped  curves  and  the  dependence 
of  the  reduction  current  on  rotation  rate  indicate  that  the 
process  is  under  mixed  activation-diffusion  control  at  all  ro¬ 
tation  rates  examined.  After  the  diffusion  correction  had  been 
made,  the  Tafel  like  plots,  as  those  in  Fig.  2.,  were  obtained. 
The  Tafel  slopes  varied  between  -80  and  -110  mV /dec,  showing  no 
dependence  on  rotation  rate.  At  potentials  in  the  limiting  cur¬ 
rent  region  the  system  obeys  Lewich  equation  i  -  w^^,  indica¬ 
ting  pure  diffusion  control  (see  Fig. 3.).  The  number  of  trans- 
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fered  electrons  was  calculated  to  be  4.  The  necessary  data  were 
taken  from  ref.  1.  This  means  that  02  is  reduced  completly  to 
OH  ions.  The  reaction  order  of  02  was  found  to  be  about  0.7 
(see  Fig.  4.) 

In  thecase  of  0.5M  Na2S04  buffered  solution  pH  10,  the  si¬ 
tuation  is  quite  different  than  that  of  chloride  solution.  At 
lower  rotation  rates  and  near  corrosion  potentials  the  i-E  cur¬ 
ves  are  rather  staap  and  almost  linear  indicating  the  dominant 
influence  of  the  diffusion  control.  At  more  cathodic  potentials 
the  current  increases  but  with  significant  polarization.  At 
higher  rotation  rates  the  mixed  activation-diffusion  kinetics  is 
observed  over  the  entire  potential  region  and  the  polarization 
curves  are  taking  the  S  shape.  However,  even  at  very  negative 
potentials  near  to  that  for  H2  evolution,  the  kinetics  for  02 
reduction  is  very  slugish  and  a  well  defined  plateau  of  the  li¬ 
miting  current  is  not  observed.  The  limiting  currents  could  be 
only  estimated  and  they  are  found  to  be  about  3/4  of  those  ob¬ 
served  in  chloride  solution  of  the  same  pH.  Further  more,  the 
system  shows  a  deviation  from  the  lewich  mass-transfer  equation 
being  larger  at  higher  rotation  rates.  The  number  of  transfered 
electrons  was  estimated  to  be  between  3  and  4.  This  means  that 
the  02  reduction  in  sulfate  solution  is  not  complete  giving  a 
significant  amount  of  H202  as  the  final  product  of  the  electro¬ 
chemical  reduction. 

At  pH  4-6  (citrate  and  phthalate  buffers)  02  reduction  is 

under  pure  diffusion  control  irrespective  of  the  presence  of 
2- 

C1  or  SO^  ions,  whereas  in  phosphate  buffered  solutions  the 
02  reduction  is  almost  completly  inhibited. 
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Cathodic  polar nation  curves  for  Oj  reduction  on  iron 
in  0.5M  NeCl  buffered  solution  pH  10  10.025M  bicarbo- 
nete  buffer,  oxygen  saturated).  Sweep  rete  10  aV/ain. 
Rotation  rate  is  indicated. 


Dependence  of  Halting  current  of  Oj  reduction  on  rote 
tlon  rate  In  O.Sm  MaCl  buffered  solution  pH  10 j  solid 
llne-experiaental,  dashed  line-calculated  for  n»4. 
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Tafel  plots  of  data  froa  Pig.  1.  corrected  for 


Dependence  log  1  -  logd-l/l^)  for  0^  reduction  in 
O.SM  NaCl  buffered  solution  pH  10,  at  -0.6  V  vs .  SCI 
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On  the  basis  of  the  Brewer  valence  bond  theory  for  bonding  in 
rr.etals  and  intermetallic  phases  there  has  been  pointed  out3 
that  whenever  metals  of  the  left-half  of  the  transition  series 
that  have  empty  or  half  filled  vacant  d-orbitals  are  alloyed 
with  metals  of  the  right-half  of  the  transition  series  that 
have  Internally  paired  d-electrons  not  available  for  bonding  in 
the  pure  metal,  there  arises  well  pronounced  synergism  in  ele¬ 
ctrocatalysis  for  the  hydrogen  evolution  reaction  (h.e.r.), 
which  often  exceeds  individual  effects  of  precious  metals  and 
each  other  (the  synergism  condition)  and  approaches  the  reversi 
ble  behaviour  within  the  wide  range  of  current  density.  There 
has  been  pointed  out1-  the  parallelism  between  the  stability  of 
Brewer  intermetallic  phases  and  the  activity  for  the  h.e.r., 
and  thence  the  predictions  between  Brewer's  multiphase  diagrams 
and  electrocatalytic  effects  resulting  from  such  composite  cata 

lysts.  In  such  a  context  there  would  be  of  interest  to  point 

2 

out  that  recent  measurements  of  excess  partial  molal  free  ener 
gies  for  bonding  of  zirconium  with  d-metals  of  the  right-half 
of  the  transition  series  at  infinite  dilution  show  the  same 
type  of  curve,  the  same  positions  of  maximum  and  the  same  trend 
as  the  Individual  d-metal  activities  for  the  h.e.r.  in  H.Kita3 
interpretation  when  related  to  the  position  in  the  Periodic 
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Table,  or  In  other  words  to  the  electronic  configuration.  Such  a 
syllogism  in  alloy  stability  and  electrocatalytic  activity  testi¬ 
fies  that  the  same  average  electron  configuration  provides  in 
both  issues  the  same  trend  and  behaviour. 

It  has  now  been  shown  that  the  Brewer  combinations  of  d-metals 
in  the  composite  electrocatalysts  not  only  exceed  noble  metals  in 
their  activity  for  the  h.e.  r.,  but  dramatically  improve  electro- 
catalytic  properties  of  all  platinum  metals  employed  as  the  sub¬ 
strate.  There  has  been  pointed  out  the  most  particularly  electro- 
catalytic  properties  of  the  Mo-Co  and  Mo-Ni  pairs  upon  all  pre¬ 
cious  metal  substrates  as  deposited  in  situ  during  the  electro¬ 
lytic  process  of  hydrogen  evolution.  Molybdenum  was  added  as 
10  M  molybdate  solution,  whereas  nickel  and  cobalt  were 
employed  as  tris-complexes  of  ethylenediamine  three-chloride 
salts  in  amounts  of  1Q_3M  solutions.  The  electrocatalytic  effect 
has  been  dramatically  pronounced  even  on  palladium  substrate 
(Fig.l)  which  is  otherwise  extremly  emphasized  amongst  individual 
transition  metals  for  the  h.e.r.  The  peak  of  the  composite 
catalyst  deposition  which  is  clearly  delineated  follows  a  dra¬ 
matic  jump  in  the  activity  for  the  h.e.r.  that  exceeds  all  so 
far  scanned  features  for  hydrogen  evolution. 

There  has  also  been  shown  the  promoting  effect  of  some  cations 
with  rather  filled  d-orbitals  (Cd,  Tl,  Ag) .  Substrates  were  only 
shortly  immersed  in  corresponding  solutions  of  low  concentration 
(10-4M)  and  then  rinsed  with  water  stream  providing  therefore 
only  adsorbed  amount  of  promoting  specie^.  The  effect  has  been 
well  pronounced  on  non-precious  metal  substrates  (Fig.  2  and  3), 
but  ceased  to  appear  upon  noble  metals,  or  has  been  shadowed  the¬ 
re.  It  perhaps  could  help  to  explain  the  promoting  effect  of 
d-metals  with  filled  d-orbitals.  Brewer4  recently  also  pointed 
out  such  a  promoting  effect  of  lead  for  production  of  some  most 
specific  intermetall ic  phases  of  composite  transition  metal 
alloys.  It  seems  that  an  optimal  d-electron  configuration  of  pal¬ 
ladium  and  platinum  when  employed  as  substrates  is  enough  to 
induce  the  promoting  effect  similar  to  the  effect  of  cations  with 
filled  d-orbitals  in  an  adsorbed  amount  upon  other  transition 
metal  substrates  for  develepment  of  an  extretoly  active  electro- 
catalytic  coating  of  the  Mo-Co  and  Mo-Ni  pairs  (cf.(5,6)). 
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Polarization  characteristics  as  obtained  this  way  by  in  situ 
addition  of  rather  common  and  cheap  d-metal  ionic  species  in 
rather  low  amounts  exceed  any  so  far  scanned  electrocatalytic 
effect  for  the  h.e.r.  Such  catalytic  features  are  provided  for 
rather  long  life-time  of  about  120  days,  or  more,  with  simple 
reactivation  by  identical  in  situ  addition  of  small  amount  of 
activating  species. 
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Fig.  1.  Individual  and  synergetic  electrocatalytic  effects 

obtained  upon  palladium  substrate:  1  -  the  substrate 
features,  2-  the  effect  of  tris-Co-complex  and  3  - 
-  dual  Co-Ho  composite  effect  upon  palladium. 

Fig.  2.  Synergetic  and  promating  effect  obtained  upon  nickel 

substrate:  1  -  synergetic  Mo-Co  effect,  2  -  synergetic 
(Mo-Co)  and  promoting  (Cd)  effect  for  the  h.e.r. 

Fig.  3,  Individual,  synergetic  and  promoting  electrocatalytic 
effects  obtained  on  nickel  substrate  (downwards) 

1  -  Polarization  characteristics  of  niskel  in  40%  NaOH 

2  -  Individual  electrocatalytic  effect  of  tris-Co-comp 

lex  upon  nickel  for  the  h.e.r. 

3  -  Mutial  synergetic  (Mo-Co)  and  promoting  (Cd)  elec- 

trocatalvtic  effecrt. 
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Molten  alkali  sulphates  are  interesting  as  ionic  solvents  thanvs  to 
their  excellent  thermal  stability.  Their  electrochemical  properties  have 
been  examined  by  many  authors  It  was  accepted  that  the  oxidation  of 
S04  group,  according  to  the  reaction: 

SO2'  -  2e“  -  SO,  +  $0, 

4  3  2  2  4  S 

limits  the  anodic  polarization  of  platinum  electrode  ’  in  these  melts. 

2 

According  to  Liu  ,  cathodic  reactions  are  complicated,  and  cathodic 
products  are  mainly  alkali  sulphites  and  sulphides. 

Prom  Pig.1i  (dashed  line)  one  sees  that  cathodic  products  hold  some  time 
on  the  cathode  and  can  be  oxidized  in  the  course  of  reverse  polarization 
at  -1 .8  V. 

MnSO^  dissolved  in  molten  L^SO^-KgSO^  eutectic  mixture  gives  a  well 
defined  reduction  wawe ,  starting  at  -1 ,76V.Cathodically  deposited  manganese 
dissolves  in  the  course  of  reverse  polarization,  with  zero  current  potential 
at  -1.64  V.  The  cathodic  deposition  of  manganese  is  accompanied  with  the 
appearance  of  the  green  colour  in  the  melt.  By  approximate  chemical  analysis 
of  the  melt  after  cathodic  polarization  limited  to  —1.9  7,  the  sulphides 
were  detected.  That  means  that  metallic  manganese  reduces  the  melt-,  the 
proposed  reaction  may  be  as  follows: 

3Mn  +  Sol’  -  MnS  ♦  2Mn2'*'  402- 

Significant  cathodic  current  which  starts  considerably  before  the 
potential  of  manganese  deposition  is  probable  due  catalytic  reduction 
cf  the  melt: 

SO*"  +  2e"  -  SO?"  +  02“ 

4  _  3  2- 

S0|  ♦  4e  -  S  +  30 

Anodic  peak  starting  at  -0.8  7  which  appears  in  the  presence  of  SO,- 
icno  (pig. 1b)  becomes  stronger  in  the  presence  of  Un  ions,  but  its 


appearance  depends  on  no  previous  deposition  of  metallic  manganese.  That 
means  that  Kn2+  ions  enable  the  increased  concentration  of  reduction 


products  appeared  otherwise 


in  the  presence  of  SO 


2- 

3 


ions. 
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Fig.l.  Cyclovoltaramograms  in  molten  LigSO.— KgSO.  eutectic  mixture  at 
540  °C  on  Pt  wording  electrode,  with  polarization  rate  of  100  raV/s  with 
respect  to  1M  Ag/Ag+  reference  electrode,  a)  ground  melt  (dashed  line) 
and  1M  solution  of  MnSO^  (full  line)*  b)  0.5  M  solution  of  KgSO^. 

Catalytic  activity  of  Mn2*  ions  in  sulphate  melts  was  confirmed  recently 
in  course  of  the  investigation  of  SOg-^SO^  conversion^. 
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DIAGRAMMES  D ' IMPEDANCE  DE  MODELES  ELECTROCHIMIQUES 
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Les  perspectives  d' application  de  l'61ectrochimichromisme,  de  l'Slectro- 
insertion  et  de  1 ‘4 lectrocatalyse  redox  dans  les  domaines  de  la  visualisation 
61ectrooptique,  des  g6n4rateurs  61ectrochimiques ,  du  stockage  de  l'hydrogfene 
et  de  l'^lectrosynthfese  organique  expliquent  l'int^rSt  ports  A  l'6tude  des 
mat^riaux  d' Electrode  en  couche  mince. 

Des  modules  dif fusionnels  simples  sont  g6n6ralement  utilises  pour  d^crire 
le  comportement  des  syst&mes  physiques  pr6c6dents  1  5.  Leurs  r£ponses  A  une 
commande  potentiostatique  4tant  identiquement  nulles  qu.elle  que  soit  la  ten¬ 
sion  impos6e  A  1' Electrode,  il  est  n6cessaire  pour  obtenir  des  informations 

compl^mentaires  d'utiliser  des  m^thodes  d'6tude  transitoire,  par  exemple  les 

6—8 

mdthodes  de  mesure  d‘ impedance 

Le  comportement  des  modules  6tant  lin6aire  pour  une  perturbation  de  faible 
amplitude  autour  d'un  point  de  fonctionnement  statique,  l'expression  de  l'imp6- 
da.nce  faradique  Z*  peut  5tre  6tablie  selon  la  m£thode  introduite  par  Gerischer 
et  Mehl  ^  puis  d6velopp6e  par  Schuhmann  10  et  Epelboin  et  coll.  **  et  1’ impe¬ 
dance  d' Electrode  Z*  est  calculSe  en  supposant  la  capacity  de  double  couche 
plac6e  en  parallfcle  avec  1' impedance  faradique. 

Les  impedances  faradiques  peuvent  etre  dfScompcst-en  en  impedances  61<§men- 

taires  de  transfert  de  charges  et  de  concentration  des  espAces  dlectroac- 
12 

trves  .  La  comparaison  des  resistances  limites  en  basse  frequence  de  ces 
impedances  eiementaires  et  de  1 ' impedance  globale d' electrode  mbr-.e  A  la  cons¬ 
truction  de  diagrammes  de  zones  d 1  observation  des  formes  limites  de  diagrammes 
d' impedance  ^  et  pernet  ainsi  de  pr^ciser  les  conditions  de  mesure  des  para- 
metres  cm6tiquos  de  systtmes  supposes  correctement  ddcrits  par  les  modules 
6tudigs . 
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Deux  exemples  sont  donn6s  sur  les  figure  1  et  2.  Le  premier  (fig.l) 
est  relatif  Si  l'^tude  d'un  module  de  transfert  61ectronique  dans  un  film  po- 
lym^re  greff6  plan  ou  celle  d'un  module  redox  dans  une  cellule  dissymdtrique 
a  couche  mince  d' Electrolyte.  Le  deuxifcme  (fig.  2)  est  tir6  de  l’4tude  d'un 
module  d' Electro  insertion  cationique  dans  un  film  mince  de  matdriau  Si  conduc¬ 
tion  mixte.  D'autres  modules,  tel  le  mgcanisme  d'absorption  de  l'hydrogfene, 
peuvent  donner  lieu  Si  des  6tudes  semblables. 
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Figure  1 


Figure  2 


Diagrammes  de  zones  d’ observation  des  formes  limites  de  diagrammes 
d' impedance  traces  dans  Le  plan  de  Nyquist  des  dlectrochimistes  lorsque 
les  impedances  eiementaires  sont  totalement  decouples  en  frequence  pour  : 

-  un  module  de  transfert  eiectronique  dans  un  film  polym£re  greffe 
(fig-  1), 

-  un  module  d’61ectroinsertion  cationique  dans  un  matdriau  4  conduc 
tion  mixte  (fig.  2)  (coupe  pour  V»  =0). 
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ELECTROCHEMICAL  BEHAVIOUR  OF  SOME  POLYPYRIDINE  COMPLEXES  OF 
COBALT (III)  IN  APROTIC  SOLVENTS 
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Italy. 


The  diffuse  interest  in  the  spectroscopic  and  electrochemi¬ 
cal  behaviour  of  metal  polypyridine  complexes  is  motivated  pri¬ 
marily  by  the  proven  utility  of  several  of  these  complexes  in 
photochemical  water  cleavage^'®. 

Along  this  line  of  research,  a  few  years  ago  an  electroche¬ 
mical  study  of  the  behaviour  of  several  diimine  complexes  has 
been  undertaken4' ^ .  As  a  continuation  of  these  investigations, 
the  present  work  concerns  the  electrochemical  behaviour  of  the 
following  polypyridine  complexes  of  Co(III)  in  acetoni tr i 1 e ( ACN ) 
and  di methyl formami de  (DMF):  | Co ( AA ) ^ ( C 1 )  | +  and  |  Co ( A A )  (CN)^. 
where  AA  is  2 , 2 1 -bi pyri di ne { bpy  )  and  1 , 1 0-phenantro 1 i ne (phen  ) . 

In  polarography  at  20°C  in  ACN  the  complexes  |  Co ( AA )  ( C 1  L  I  + 
present  a  first  combined  anodic-cathodic  wave,  fol 1 owea  by  other 
four  reduction  waves.  In  particular  fig.l  shows  the  polarogram 
recorded  on  bpy  comp  1  ex  ( so  1  i  d  line).  In  the  same  figure  the  vo_[ 
tammetric  curve  recorded  with  a  platinum  electrode  with  perio¬ 
dical  renewal  of  the  diffusion  layer  in  the  potential  range  +&5- 
-0.5  V  ( vs  SCE  aq.)  is  also  reported ( dotted  line). 

As  far  as  process  I  is  concerned,  the  strong  difference  bet¬ 
ween  the  voltammetric  curves  recorded  on  different  electrode 
materials  indicates  that  the  electrode  material  itself  is  in¬ 
volved  in  the  process.  In  particular,  the  similarity  between 
the  anodic-cathodic  wave  of  the  complex  and  the  anodic  dissolu¬ 
tion  wave  of  mercury  in  the  presence  of  Cl  ,  along  with  the  re- 
ducibility  of  the  complex  on  platinum  in  the  potential  range 
bracketing  the  anodic-cathodic  wave,  suggest  that  process  I  is 
ascribable  to  a  parallel  ECE  mechanism,  in  which  the  complex, 
reduced  through  a  one-electron  process,  liberates  two  molecules 
of  chloride  ions,  which  are  in  turn  responsible  for  the  anodic 
dissolution  of  mercury.  The  presence  of  chloride  ions  in  solu¬ 
tions  electrolyzed  at  controlled  potentials  corresponding  to 
the  cathodic  plateau  of  wave  I  and  the  coulcmetric  results  are 
in  agreement  with  the  above  mechanism.  Processes  II  and  III  sho¬ 
uld  be  due  respectively  to  the  reduction  of  bis  and  tri  bpy  com¬ 
plexes  formed  in  the  first  and  second  waves,  in  line  with  resul¬ 
ts  previously  reported  for  these  complexes  in  the  same  medium®. 
Finally,  process  IV  can  confidently  attributed  to  the  reduction 
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Fig.l-  Pol arogr ams  of  5-10*4M  |Co{bpy)  (Cl)  |  +  solution  of  0.1  M 

Worlc’n9  electrodes:! - )  dropping  mercury 

electrode;  ( - )  Pt  electrode  with  periodical  renewal 

of  the  diffusion  layer.  Temperature : 20°C  . 


of  bpy  liberated  in  the  preceding  wave,  while  the  last  process 
seems  to  be  attributable  to  a  bis  complex  of  Co(-I)  The  use  of 
OMF  istead  of  ACN  gives  rise  to  a  more  complicated  pattern  sin¬ 
ce  the  sol  vent  i tsel  f  apparently  becomes  involved  in  the  electro¬ 
de  process. 

As  far  as  the  electrochemical  behaviour  of  the  |Co{AA)  (CN),  |+ 
complexes  are  concerned,  in  the  two  solvents  utilized  at  70“C? 
three  reduction  processes  ascribable  to  the  formal  reduction 
of  cobalt  down  to  zero  oxidation  state  are  observed,  after  which 
mul tiel ectron  waves,  possibly  due  to  the  reduction  of  free  bpy, 
appear. 

For  these  species  the  three  reduction  processes  of  cobalt 
considered  are  not  under  normal  conditions!  ambient  temperature 
ano  moderate  sweep  rate  in  cyclic  voltammetry)  one-electron 


re- 
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versible  processes,  since  both  the  involvement  of  the  solvent  in 
the  electrode  mechanism,  and  the  presence  of  adsorption  pheno¬ 
mena  concur  in  making  the  overall  picture  more  complicated. 
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La  reaction  de  Volmer-Heyrovsky  est  un  cas  particulier  de  reaction  de 
transfert  de  deux  electrons  en  deux  etapes  monoelectroniques.  Elle  s'ecrit  pour  le 
cation  A*  : 

A*  +  s  +  e  ■*  A,s 
A*  ♦  A,s  +  e  ♦  A^  +  s 

Les  calculs  cmetiques  d'impedance  montrent  1'influence  des  deux  cons- 
tantes  retour  kQj  et  kc2  des  deux  etapes  electrochimiques.  II  est  necessaire  de 
supposer  que  les  valeurs  des  deux  facteurs  de  symetrie  sont  differentes  pour  que  les 
diagammes  d'impedance  presentent  un  caractere  inductif  si  Ton  considere  que  les 
deux  reactions  electrochimiques  sont  irrenversables  (kQl  =  kQ2  =  O).  On  peut  observer 
successivement  lorsque  1'electrode  est  polarisee  vers  les  surtensions  cathodiques  des 
diagrammes  inductifs  puis  capacitifs.  Ce  comportement  inductif  s'observe  (figure  1) 
pour  des  tensions  d'electrodes  superieures  a  : 


RT 

v 


Log 
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L'evolution  des  diagrammes  d'impedance  avec  la  tension  d'electrode  peut 
etre  plus  compliquee  lorsque  les  deux  etapes  electrochimiques  sont  renversables 
(figure  2).  On  peut  observer  successivement  lorsque  1'electrode  est  polarisee  vers  les 
surtensions  cathodiques  des  diagrammes  capacitifs,  puis  inductifs,  puis  de  nouveau 
capacitifs. 

Les  figures  1  et  2  ont  ete  realisees  a  l'aide  du  logiciel  de  calcul  et  de 
simulation  d’tmpedances  electrochimiques  CASIDIE  1. 
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Le  comportement  experimental  de  la  reaction  de  degagement  de 
I'hydrogene  sur  une  electrode  de  Nickel  polie  preoxydee  est  presente  sur  la  figure  3. 
L'evolution  des  diagrammes  d'impedance  avec  la  tension  d'electrode  est  incompatible 
avec  1'hypothese  d'irrenversabilite  des  deux  reactions  eiectrochmiques.  Un 
comportement  capacitif  doit  etre  experimentalement  observable  a  des  tensions 
d’electrode  plus  negatives  en  accord  avec  les  previsions  theoriques  du  mecanisme  de 
Volmer-Heyrovsky. 


1  J.P.  D1ARD  ,  B.  LE  GORREC  ,  C.  MONTELLA 
soumis  a  3.  de  Chimie  Physique 


2  S.  MAXIMOVITCH 
These  Grenoble  1983 
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Fig.  1  :  Evolution  des  impedances  avec  la  tension  d’electrode 
cas  des  reactions  irrenversables 
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Fig.  2  :  Evolution  des  impedances  avec  la  tension  d‘ electrode 
cas  des  reactions  renversables 
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Fig. 3  :  Reaction  de  degagcnent  de  l'hydrogSne 

Diagramrue  d' impedance  de  NYQUIST  i  diverses 
tensions  .  Electrode  de  nickel  pre-oxydde  5  mn 
h  V=  4G0  nV/Hg-HgO  :  T=20  °C:  KOH  IK:  S=0.125  cm2 
a-  V=  -1000  mV/Hg-HgO  =  70  mV/ERH 
b-  V=  -1200  mV/Hg-HgO  =  -270  mV/ERH 
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STUDY  OF  DIGITAL  SIMULATION  IN  SECOND  ORDER  TECHNIQUES  FOR 
ELECTROCHEMISTRY ■ 
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INTRODUCTION 


The  so-called  second  order  techniques  are  reaching,  during 
the  last  years,  an  increasing  importance,  either  to  investigate 
the  fundamentals  of  electrode  processes  or  for  analytical  pur¬ 
poses1.  These  techniques  are  based  on  the  rectifying  properties 
of  the  electrode-electrolyte  interface.  Despite  of  the  recent 
progress,  it  never  became  very  popular,  probably  because  of 
the  theoretically  treatments  are  rather  difficult.  The  numerical 
methods  used  in  digital  simulation  seems  to  be  an  adequate  tool 
for  the  study  of  complex  electrode  processes  by  means  of  second 
order  techniques. 


This  paper  intents  the  digital  simulation  of  the  ouput  of  an 
electrodic  system,  responding  to  a  modulated  input.  Among  the 
differents  kinds  of  modulation  we  have  studied  the  so-called 
D.B.S.,2  which  seems  to  offer  most  potentialities.  We  have  con¬ 
sidered  the  simple  case  (diffusion  followed  by  charge  transfer) , 
and  the  mechanismes  EC  and  CE. 


RESULTS  AND  DISCUSSION 


Among  the  differents  algorithms  used  in  digital  simulation  of 
electrode  processes,  we  have  make  use  of  the  explicit  method, 
which  despite  to  be  one  of  the  simplest,  it  leads  to  rather  good 
results3.  Along  the  calculations,  a  semi-infinite  plane  electrode 
has  been  considered. 

Because  of  the  non-linearity  of  the  electrodic  system4,  the 
response  to  a  input  modulated  signal  will  be  composed  of  several 
harmonics,  being  the  most  interesting  one,  the  corresponding  to 
a  frequency  double  of  the  low  frequency  of  the  modulated  input 
signal.  We  have  obtained  the  response  to  the  different  frequen¬ 
cies  by  fitting  the  numerical  flux  obtained  in  the  simulation, 
to  a  Fourier  serie  by  the  least-square  method. 

Figure  1  shews  the  representation  of  the  amplitude  of  the  . 
ouput  flux  corresponding  to  the  low  frequency  ( £Em=  ( I lf+(3L?>  ^  • 

vs.  d.c.  polarization  potential,  for  a  simple  electrode  reaction 
(diffusion  and  charge  transfer)  .  The  values  of  the  parameters 
used  in  the  simulation  are:  a=0.5,  Ai=0.02  V.  ,  Dq/Dr=4/5 
wH/wL=100,  k°-0.1,  1  and  10  cm2.s-1  for  curves  1,2  and  3  resp. 


It  can  be  seen  that  all  the  curves  show  a  minimum  at  potentials 
I  /  very  near  to  E0,  and  the  higher 
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Fig.  1 


-70-10  a  10  JO  E-Eo 


Fig.  2 
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the  standard  rate  constant  is, 
sharper  is  the  shape  of  the 
minimum.  Also  it  can  be  seen 
that  the  value  of  the  amplitude 
at  2wl  depend  strongly  of  the 
value  of  the  standard  rate 
constant  for  all  the  d.c.  poten¬ 
tials.  Generally,  this  results 
are  in  good  agreement  with  the 
experimentally  obtained  ones, 
especially  in  the  galvanostatic 
case2 . 

Fig.  2  shows  the  representa¬ 
tion  ofAEm,  calculated  by  digital 
simulation,  vs.  the  d.c. potential 
for  the  simple  case  and  for  the 
mechanismes  CE  and  EC. Remarkable 
diferences  has  been  observed 
between  the  three  cases.  The 
minimun  of  the  amplitude  respect 
to  E0  for  EC  mechanism,  and  at 
negative  potentials  for  CE 
mechanism.  Also  the  shape  of  the 
curves  is  quite  different  for  the 
three  cases  . 

From  these  facts  it  can  be 
deduced  that  the  digital  simula¬ 
tion  method  in  combination  with 
demodulation  polarography  could 
be  a  technique  specially  suitable 
and  sensible,  for  elucidation  of 
mechanismes  and  determination  of 
parameters  of  rather  complex 
electrode  processes. 
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S.W.Feldberg  in  A. J . Bard (Ed . ) Electroanl . Chem .  Vol.3.  M.Dekker  EH. 
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Departamento  de  Electroquimica .  Universidad  Aut6noma  de  Madrid. 
28049  MADRID.  Spain. 


INTRODUCTION 

The  analytical  solution  of  the  equations  describing  electrode 
processes  shows  increasing  difficulties  with  the  complexity  of 
the  reaction  that  takes  place  on  the  electrode.  This  fact,  make 
specially  adequate  digital  simulation  methods  for  the  study  of 
such  systems1,  particularly  in  the  analysis  of  the  electrode 
ouput  to  a  sine  wave  input. 

In  this  work,  the  study  of  the  response  of  an  electrode 
perturbed  by  a  sine  wave  signal  is  carried  out  by  means  of  the 
digital  simulation  technique.  The  simple  cases  (diffusion  follow¬ 
ed  by  charge  transfer) ,  and  then  electrode  processes  with 
adsorption  of  electroactive  specie  have  been  studied,  and  the 
corresponding  impedance  diagrams  have  been  calculated. 

RESULTS  AND  DISCUSSION 


We  have  used  the  equation 


c(xi, ti  +  i) -C(xi,ti)  c(xi-l' ti) "2C(xi, ti) +C(xi  +  1,ti)  0  + 


At 


Ax 


+  (C(xi-l'ti  +  l)  "  2C(xi'tit-l) +C^si  +  l'^i+l)  ^  (1-0) 


Ax 


where  all  the  symbols  have  their  usual  meaning.  We  have  try 
values  of  9=0  (explicit  equation),  0=1/2  (Crank,  Nicholson's 
algorithm1 , and  8=1  (Laasonen's  implicit  equation).  It  has  been 
also  performed  calculations  with  the  Hopscoth's  algorithm1,  and 
the  variable  space-grid  algorithm  .  In  all  the  cases  the  results 
have  been  very  similars,  so  we  have  mainly  used  the  explicit 
method  (0=0) .  In  all  the  calculations  the  electrode  has  been 
considered  as  one  of  semi-infinite  plane  geometry. 


The  digitalization  of  the  input  sine  wave  signal  has  been 
solved  aplying  the  sampling  theorem  of  Shannon.  It  five  us  the 
least  number  of  samples  that  is  necessary  to  take  from  an 
analogic  signal,  in  order  to  rebuilt  it  without  loss  of  the 
contained  information. 


Figure  1  shows  the  impedance  diagram  corresponding  to  the 
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simple  case  (diffusion  and  charge  transfer) ,  obtained  by  digital 
simulation.  The  values  of  the  parameters  used  in  the  simulation 

-2 


-2 

are  k.0  =10  cm.  s 


C0=CR'  W  Cd=1°  ^F‘Cm 


E  ,  =E  ° 
d .  c . 


and  V  =0.01  sin  wt  V.  This  impedance  plot  is  similar  to  those 
a‘c  experimentally  obtained. 

The  classical  half-circle 
at  high  frequencies,  and 
the  straigh  line,  slope  of 
45° ,  corresponding  to  the 
diffusion  impedance,  appear 
clearly  in  figure.  This 
seems  to  confirm  our  correct 
application  of  the  method. 

Figure  2  shows  the  com¬ 
plex  plane  plot  for  several 
5  systems  with  adsorption  of 
electroactive  specie.  A 
Langmuirian  behaviour  has 
been  supposed,  and  the  va¬ 
lues  of  the  parameters  used 
Fig.  l  in  the  simulation  are: 


C0=CR' 


D0  °R' 


0^=10  uF.cm 


-2 


-2 


mol 


-1 


,  _2  (surface  excess  at  saturation 

coverage) =10  mol . cm”  and  adsorption  coef f icients=104 ,  1  and  10-2 
cm3  (curves  1,2  and  3  resp.) .  An  inductive  loop  has  been 

observed  in  all  the  cases. 

The  influence  of  the  adsorp¬ 
tion  coefficient  on  the  shape 
of  the  curves,  also  can  be 
seen  in  Fig.  2. 

The  comparation  between 
this  digital  simulated  impe 
dance  diagrams  and  experi¬ 
mental  data,  using  pattern 
recognition  thecniques , 
give  us  a  medium  to  identify 
parameters  of  complex  elec¬ 
trode  processes,  which  are 
difficult  to  solve  analyti¬ 
cally  . 

Fig.  2 
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I.-  INTRODUCTION 


It  has  been  reported  the  importance  of  the  nature  ,  structure  and  crystal 
orientation  of  the  electrode  material^-  in  relation  with  the  oxidation  of 
organic  compounds  on  noble  metals.  Likewise,  studies  on  the  methanol  oxidation 
on  platinum  single  crystal^  and  OH  polycrystalline  Pt  show  that  the  voltam- 
mogram  obtained  on  the  last  kind  of  electrode  can  be  approximately  obtained 
as  a  combination  of  the  voltanmograms  for  the  methanol  oxidation  on  the  (100), 
(110)  and  (111)  faces  of  Pt. 

3 

Cn  the  other  hand,  Arvia  and  Co.  have  obtained  changes  in  the  pollycrys- 
taliine  gold  electrode  surface  by  means  of  the  application  of  square  wave 
potential  programms. 

We  have  studied  the  changes  induced  in  the  electroanalytical  activity  of 
polycristalline  gold  in  relation  with  the  methanol  oxidation  and  the  0H~ 
coverage  formation  in  basic  medium. 

It  can  be  seen  that  the  region  of  the  CH  coverage  presents  a  different 
vcltammogram  after  than  before  the  activation  (see  Fig.  1  and  2).  There  is 
an  increase  in  the  area  attributed  to  the  on  coverage  formation  on  the  (111) 
tace  of  gold  in  relation  to  the  (110)  and  (100),  changing  in  this  way  the 
mechanism  for  the  methanol  oxidation  in  basic  medium. 


E/VvsMSE 

F :  g  .  1.  ? -ter.ticdynamie  E/I  profiles  run  with  1M  KOH  at  25°C.-Gold 
elect rede  after  repetitive  triangular  potential  sweeps  (RTFS)  at  0.02 
7/C.  y=!uA  cm"*. 


-1.3  -1.3  -1.1  -1  -0.9  —0.8  -0.7  — 0.&  -0.S  —0.4 

E/  W*  MSE 

Pig.  2.  Potentiodynamic  E/I  profil  run  with  IK  KOH  at  25°C  at  0.02  V/s 
y=5pA  cm*1. 

Electropolished  gold  electrode  after  the  square  wave  potential 
cycling  treatment  (t=20S)  and  electroreduced  at  0.01  V/s. 
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A  STUDY  OF  THE  OH  COVERAGE  ON  GOLD  IN  BASIC  SOLUTIONS 
C.  ALONSO  and  J . -GONZALEZ- VELASCO 

Departamento  de  Electroqulmica .  Facultad  de  Ciencias.  Universidad  Autonoma  de 
Madrid.  28049  MADRID.  Spain. 


I.-  INTRODUCTION 

Allthough  the  behaviour  of  Au  electrodes  has  been  studied  in  numerous 
ocassicns,  these  does  not  exist  an  unambiguous  explanation  for  the  different 
experimental  data.  In  basic  solutions,  the  voltammetrie  scan  starts  with  a 
doable  layer  current  followed  by  a  region  in  wich  the  current  remains  ap¬ 
parently  constac-  before  reaching  the  potential  range  in  which  the  gold 
oxides  a.  _  aupcooeu  i—rned. 

The  second  mentioned  range  can  be  recorded  under  a  hig..  i  's.i-oiliLy  and, 
in  this  way,  big  variations  in  the  current  can  be  detected  (Fig.  1). 

In  this  work  we  have  analized  the  I  vs.E  curves  and  found  an  adsorption 
modell  fcr  the  CH  coverage  on  gold.  Likewise,  we  studied  the  mechanism  of 
formation  of  the  OH  coverage  by  application  of  potential  pulses. 

The  results  shew  that  the  OH  coverage  takes  place  beginning  with  a  charge 
transfer  from  one  CH"  ion  to  the  gold  electrode,  followed  by  a  instantaneous 
lidinensional  nucleation,  and  finishing  with  a  bidimensional  nucleation  to 
the  whole  gold  surface.  After  wards,  the  nucleation  continue  to  the  bulk,  by 
formation  of  hydrogen  bridges  between  the  OK"  ions. 


RESULTS  AND 
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Cathodic  scan  almost  reproduces  the 
same  features  in  the  same  potential 
values  and  the  plot  of  Ip  vs.  v  gives 
a  straight  line  whose  slope  gives  a 
value  for  the  capacity.  Since  this 
current  is  attributed  to  the  formation 
of  the  OH  cc.""-gc  according  to  the  Eq: 

Au+OH*  -*■  AuCH  +  le”  (1) 

the  value  obtained  would  cof  «sent  a 
pseudocapacity  of  adsorptio.. .  1  he  capa¬ 
city  values  which  are  a  function  "f  the 
potential  can  be  used  in  order  to  deduce 
values  for  the  coverage.  On  the  ctner 
hand,  Fig.  1,  shews  three  different 
ranges,  wnich  were  associated1  to  the 
1’erent  laces  of  the  poliycrystallinc 


With  the  0  and  the  pseudocapacity  values  attributed  to  the  ( 110) ,( 100 /and 
(111)  orientations  of  the  microcrystals  it  is  possible  to  find  a  model  for 
the  adsorption  isotherm  we  have  found,  that  the  OH  coverage  on  each  of  the 
three  mentioned  faces  can  be  described  by  means  of  a  Temkin  isotherm  in  which 
the  interaction  coefficient  g  results  to  be  a  linear  function  of  the  potential 

Fig.  2  shows  the  variation  of  the  calculated  g 


-920  -880  -840  -800  -760  -720  -680f-640  -600 

8; 0.2  8;0-8  E/V(MSE) 

with  the  potential  value  for  the  second  range  of  Fig.  1  (supossed  to  be  the 
OK  coverage  on  the  (10C)  face  of  gold).  This  linear  variation  has  been 
interpreted  as  a  consequence  of  the  OH  bond  polarization  induced  by  the 
increasing  anodic  potential  applied. 

By  means  of  the  application  of  potentiostatic  pulses,  I-t  curves  were 
recorded  for  the  three  different  ranges  of  Fig.l.  Fig.  3  shows  one  of  these 


4  9  6 

t  (»tft  ) 


I-t  characteristics.  They  were  interpreted  ac  the  consequence  o  -an  in-rial 
electron  transfer  from  an  OH"  i  an  in  the  'Hi'  to  or.e  active  site  on  one 
concrete  gold  face  according  to  the  value  fo  the  potential  pulse  applied 
'  cl  lowed  by  in  instantaneous  h-  1  insane.  ionai  nuclear  ion  ir.H  a  -osterier  prcgre 
'.l/'  bid;. -:enr,  ion-1  :.ucle  ition. 


I  :ra i ty ,  for  positive  potential  values  in  relation  with  the  zen  of  the 
-ci. Crete  t  ace,  tne  polarization  or  tr.e  whole  "  ;H  tissue"  on  the  gold  surface 
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would  influence  the  strength  of  the  hydrogen  bonds  that  unit  the  first  OH 
layer  with  other  layers  in  the  bulk,  giving  rise  to  a  tridimensional  mechanism. 
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ELECTROCHEMICAL  REDUCTION  OF  SILVERCOMPLEXES 
IN  PHOTOGRAPHIC  SYSTEMS 

A.  HUBIN,  H.  TERRYN,  B.  VAN  DER  LINDEN,  J.  VEREECKEN 
Vrije  Universiteit  Brussel 
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Silver  diffusion  transfer  development  is  a  photographic  process  in 
which  complexed  silver  ions  are  reduced  to  metallic  silver  to  form  an 
image. 

The  mechanism  and  the  kinetic  parameters  of  the  reduction  of  silver 
thiosulphate  and  thiocyanate  complexes  are  studied  with  stationary  and 
non-  -  '  _ -r^thods  on  a  silver  electrode. 

For  the  thiosulphate  complexes  the  following  cu  lt’sious  can  De  drawn 
from  the  stationary  polarization  curves  : 

Charge  transfer  at  low  overpotentials  (<  150  mV)  and  diffusion  at 
high  overpotentials  are  the  rate  determining  steps.  The  complexes 
are  the  electroactive  species  and  no  influence  of  the  decomplexa- 
tion  on  the  overall  reaction  rate  is  found.  From  the  Tafel  plots 
an  average  transfer  coefficient  of  0.58  is  calculated.  The  rate 
constant  depends  on  the  free  thiosulphate  concentration.  This 
means  that  the  reduction  doesn't  proceed  via  a  simple  charge 
transfer  mechanism. 


The  cyclic  voltammograras  for  the  reduction  of  thiosulphate  complexes, 
showing  a  prewave,  indicate  that  an  adsorption  of  product,  in  this  case 
thiosulphate,  occurs.  Assuming  a  Langmuir  adsorption  isotherm,  a  rate 
constant  independent  of  the  concentration  can  be  calculated  with  an 
average  value  of  3.5  10"^  m/s. 


For  the  thiocyanate  complexes  the  same  steps  are  rate  determining  in 
the  different  potential  ranges,  but  the  rate  constant  is  100  x  greater. 
Thiocyanate  doesn't  adsorb  on  the  electrode. 

The  following  mechanism  and  rate  equation  can  be  proposed  : 


Ag  L 


( 1  -  mn) 


.  .  ( 1  -  mn) 

Ag  L  +  e 
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J  is  the  current  density. 
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j  -ur."1  v''2Ia8l<>  -"">1 
a  m 


v  is  the  rotation  speed  of  the  electrode, 


,  ,  .  ,  (1  -  mn)  , 

kR  [  Ag  Lm  1  e 


(1  -  a)  FE 
KT 


E  is  the  galvanic  potential, 
with  : 


Kads  *  L  1  +  1 


Diffusion  coefficient  D  (m  /s) 

Transfer  coefficient  <s 

Rate  constant  k_  (m/s) 

K 

Adsorption  constant  K  (1/mol) 


Ln’  ■'S2°32' 

Ln~  -  SCN 

(m2/s) 

0.45  10-9 

0.75  10-9 

0.58 

0.74 

-5 

-5 

(m/s) 

3.50  10 

2.50  10 

( 1/moi) 

—  ■  -  -  J 

3.5 

Impedance  measurements  are  performed,  in  order  to  study  the  influence 
of  electrocrystallization  on  the  reaction. 

In  accordance  with  the  results  of  the  polarization  curves,  a  model  that 
takes  account  of  the  influence  of  charge  and  mass  transfer  is  proposed. 

As  well  for  the  thiosulphate  as  for  the  thiocyanate  complexes,  the  same 
values  for  a  and  k^  can  be  determined  as  from  the  polarization  curves, but  it 
is  inmossible  to  fit  the  complete  impedance  curve. 

A  more  complex  model,  including  a  surface  diffusion  of  adions  is  pro¬ 
posed  : 

R 

Q  . 

R  ,  *  electrolyte  resistance 
f— ^VW— — I  el 

2^  R  »  Warburg  impedance 

\  /  -  _  Rt  ”  charge  transfer  resistance 

occuring  at  double  layer 
_  _  transition 

=  double  layer  capacitance 

R  ,  Cc  R  «  crystallization  resistance 

el  c  7 

C  ■  crystallization  capacitance 
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IDENTIFICATION  BY  FTIR  AND  HPLC  OF  THE  PRODUCTS  6ENERATED  DURING 
THE  PROLONGED  ELECTROLYSIS  OF  ETHYLENE  GLYCOL  ON  NOBLE  METAL  ELECTRODES 

E.  BOUHIER-CHARBONNIER,  B.  BEDEN,  J-M.  LEGER  and  C.  LAMY, 

Laboratoire  de  Chimie  I,  Electrochimie  et  Interactions,  U.A.  CNRS  N°  350, 
Universite  de  Poitiers,  40  avenue  du  Recteur  Pineau,  86022  POITIERS  (France) 


The  identification  of  the  products  and  byproducts, which  are  formed 
during  the  prolonged  electrolysis  of  a  given  small  organic  molecule,  is  of 
fundamental  importance  before  writting  any  detailed  electrochemichal  mecha¬ 
nism.  However  such  identifications  are  not  trivial  at  all,  especially  when 
diluted  aqueous  solutions  are  concerned.  Not  only  there  is  a  lack  of  experi¬ 
mental  technique  of  investigation,  but  some  of  the  intermediates  may  be  not 
stable  in  the  electrolytic  medium,  which  makes  their  identification  much  more 
complex. 

It  is  the  aim  of  this  work  to  investigate  the  products  formed  during  the 
electrocatalytic  oxidation  of  ethylene  glycol  (EG)  on  noble  metal  electrodes 
in  aqueous  medium  by  means  of  two  different  analytical  techniques,  respecti¬ 
vely  the  Fourier  Transform  Infrared  spectroscopy,  FTIR,  and  the  High  Perfor¬ 
mance  Liquid  Chromatography,  HPLC. 

Previous  studies  have  postulated  that  ethylene  glycol  could  be 

oxidized  in  acid  medium  up  to  CO2  ,  involving  10  electrons  per  molecule  (e. 
p.m.)  .  However  in  alkaline  medium  the  oxidation  process  stops  at  the  oxalate 
stage,  involving  8  e.p.m..  The  generally  accepted  scheme  in  the  literature 
is  the  following  : 

glyoxal 


CHO 


CH-OH  , 

I  — 

CH20H 

ethylene  glycol 


glycolic  acid 

in  which  two  different  paths  are  supposed, ei ther  through  glyoxal  or  through 
glycolic  acid  intermediates.  Further  oxidation  may  lead  to  carbon  dioxide 
evolution  in  acid  medium  or  carbonatation  of  the  solution  in  alkaline  medium. 
Secondary  reactions  are  also  to  be  considered,  particularly  in  alkaline 
medium  for  the  aldehydic  groups  :  for  instance  the  CANNIZZARO  reaction,  which 
transforms  glyoxal  in  glycolate,  and  glyoxylate  in  both  oxalate  and  glycolate, 
or  the  so-called  aldolisation  which  affects  the  glycolaldehyde. 

Long  duration  electrolysis  were  performed  under  potent iostat i c  control 
(using  a  mercurous  sulphate  electrode  (MSE)  as  a  reference]  either  with  gold 
or  platinum  etectrodes,  in  both  acid  and  alkaline  electrolytes.  Dueto  the  rapid 
blocage  cf  the  active  surface  by  poisoning  species,  it  appeared  to  be  impos¬ 
sible  to  keep  the  current  constant  more  than  several  tenth  of  seconds  at  a 


CH  OH 

I  3 

CHO 

glycol-aldehyde 


I 

CHO 


CH,0H 

i 

COOH 


CHO 

I 

COOH 


COOH 

I 

COOH 


glyoxylic  acid  oxalic  acid 


suitable  potential  value  E  for  the  electrolysis  to  take  place-  To  sustain 
the  process  it  is  thus  neclssary  to  clean  periodically  the  surface  of  the 
electrode  by  a  fast  voltammetric  pulse  between  two  limits  Eg  and  Ec  and  tobold 
the  potential  at  a  plateau  E  during  a  time  x  until  the  current  decreases  by 
about  one  half  of  its  initiaf  value.  All  the  parameters  E  ,  E  ,  E  and  t 
depend  on  the  system  under  investigation  and  are  determined  by  preliminary 
voltammetric  experiments.  Once  these  conditions  are  chosen,  it  is  possible  to 
carry  out  electrolysis  during  several  days. 


All  the  experiments  were  realized  at  25°C  with  0.1  M  of  the  electro¬ 
active  species  in  0.1  M  HCIO4  or  0.1  M  NaOH  electrolytic  solutions. 

During  the  electrolysis,  voltammetric  curves,  (i,E>,  are  periodically 
recorded,  using  the  voltammetric  pulses  between  Ea  and  Ec  ,  in  order  to  follow 
the  evolution  of  the  system  and  to  check  the  activity  of  the  electrodes. 
Samples  of  the  electrolytic  solution  are  taken  out  and  immediately  analyzed 
by  HPLC  (using  both  UV  and  refractive  index  detectors)  and  FTIR  (a  drop  of 
solution  is  put  between  two  AgCl  or  CaF2  windows).  All  the  chromatograms  and 
spectra  are  compared  with  those  of  10_1,  10"2,  io~3  m  standard  reference 
aqueous  solutions  of  the  expected  products . It  i s  thus  possible  to  follow  the 
decrease  of  concentration  in  ethylene  glycol  and  the  increase  of  that  in 
products  with  respect  to  the  time  of  electrolysis.  The  results  are  given  in 
the  following  table,  where  the  percentages  are  calculated  with  reference  to 
the  initial  ethylene  glycol  content. 


Electrolyte 

NaOH 

HCIO4 

E  lect  rode 

Pt 

Au 

Pt 

Au 

Potential  of  the  plateau 
(E/V  vs.  USE) 

-0.62 

-0.3 

0.06 

0.57 

Tine  of  electrolysis  (hours) 

29 

92 

96 

29 

Etnylene  glycol 

45  V. 

37.3  x 

54  y. 

71.7  % 

Glycolaldehyde 

yes 

- 

7  7. 

- 

Glyoxal 

- 

- 

- 

- 

Glycolic  acid 

8.3  ?. 

27.2  % 

2.8  x 

- 

Glyoxylic  acid 

- 

- 

- 

- 

Oxalic  acid 

0.2  X 

0.2  % 

- 

- 

Forma Idehyde 

- 

- 

7.7 

- 

Formic  acid 

2.2  % 

3.7  ■: 

1 . 5  7. 

- 

Carbonate 

yes 

31.6 

- 

- 

co. 

- 

- 

32  % 

28.3  X 
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Interpretation  of  the  results 

Whatever  the  nature  of  the  electrolyte  or  of  the  electrode,  the  pre¬ 
sence  of  glyoxal  or  glyoxylic  acid  has  never  been  detected.  Glycolaldehyde 
is  only  formed  with  platinum  electrodes. 

Furthermore,  conversely  to  the  literature,  oxalic  acid  was  not  accumu¬ 
lated  even  after  several  days  as  a  final  product  (except  as  traces  of  oxalate 
in  alkaline  medium).  The  main  interesting  information  is  the  presence  of  for¬ 
mic  acid  and  formaldehyde  in  appreciable  amounts,  which  demonstrates  the 
breaking  of  the  C-C  bond  during  the  oxidation  process. 

In  order  to  give  more  precise  informations,  electrolysis  were  also 
performed  on  0.1  M  solutions  of  all  the  expected  intermediate  products.  The 
most  significant  results  were  obtained  in  acid  medium  where  there  is  practi¬ 
cally  no  secondary  reactions.  Formation  of  formic  acid  is  especially  detec¬ 
ted  during  the  electrolysis  of  glycolaldehyde,  but  mainly  during  the  oxi¬ 
dation  of  glyoxal  (leading  to  a  yield  reaching  90  V.)  and  of  glyoxylic  acid, 
on  the  contrary  to  glycolic  acid  during  the  oxidation  of  which  it  is  not 
detected.  However  at  the  potentials,  where  the  oxidation  of  EG  takes  place 
on  a  platinum  electrode,  glycolic  acid  and  above  all  glyoxal  are  nearly  not 
electrolyzed.  Therefore  the  reaction  path  does  not  follow  the  usual  scheme, 
and  involved  the  breaking  of  the  C-C  bond,  presumably  at  the  glycolaldehyde 
stage,  leading  to  C02  through  formaldehyde  and  formic  acid. 

At  higher  potentials  it  is  however  possible  to  pass  through  the  glyoxal 
stage,  with  further  oxidation  to  glyoxylic  acid  leading  then  to  oxalic  acid 
and  formic  acid.  This  may  corroborate  the  observation  previously  made  by 
other  authors  1/2. 

At  the  present  state  of  our  investigation,  including  some  studies  on  the 
electrochemical  reactivity  of  the  different  expected  products  ,  it  is  thus 
possible  to  write  the  following  reaction  path  for  the  oxidation  of  EG  in  acid 
medium  on  a  Pt  electrode  held  at  0.06  V/MSE  : 


CH  OH 
I 

CH  OH 


HC00H  — >  C02 
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Up  today  chronocoulometry  has  become  the  most  useful  tech¬ 
nique  for  studying  adsorption  when  a  faraaic  process  takes  place. 
Anson  and  co.  [1]  have  developped  both  the  single  and  the  dou¬ 
ble  step  techniques  [2]  .  His  treatment  is  focussed  on  the  use 
of  Cottrell's  expression  for  a  plane  electrode. 


Due  to  the  crescent  interest  on  the  use  of  spherical  sta¬ 
tionary  mercury  electrodes  (  SDME  or  SHE  ) ,  and  following  a 
recently  developed  treatnent  for  the  pulse  polarography  in  the 
DME  [3]  ,  a  theoretical  equation  has  been  obtained  for  sin¬ 
gle  step  chronocoulometry  at  a  spherical  electrode  when  both 
reactant  and  product  are  adsorbed. 

Let  us  consider  a  simple  redox  system  R  trv  e*  ?=£  p.  when  at 
t=  t  a  pulse  potential  is  applied  driving  the  system  from  a 
base  potential  without  reaction  (  S  =  o  )  to  another  poten¬ 
tial  (  %  -  6  )  with  faradaic  current,  the  intensity  through 
the  system  at  t > t  can  be  written  as: 


4  I L 

/TF. 


U) 


e’cc)-  e-’ct) 


■v 


x 
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[  i-  )  i  Cr)] 
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The  following  simbols  have  been  used 


.  i,  1 

.  »r  -E-l) 

.  Ct(r,J)  /C* 

=  [it  Stt)]  ^(t) 


t  3  i/ 1— . 

U.  O  c*x  ) 
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The  fuctions  £;Ct),  *r  are  defined  as: 

9-.(Z)-  0\<0)-  c'/x-  i  ((*♦&«>  ♦  ft*1  (**♦/§  &*>){«>  ** 

*  *  /r-a  J*  J<,7.  ^ 

together  with  the  reversibility  and  the  isotherm. 

The  eharge  involved  in  the  whole  process  (  0,t  )  can  be 
simple  found  as  QU)>  (‘iuM  <K‘ 

Then 


=  (t)4l  Jtr.-)/T7.  -  X -  (  [  -i^= 

4+5  2t«»>  J,  J  V/-»  (4) 

c«  o 


with 


i  (**-  ^‘hsrr  «-'>)  -  ,4  r».‘«-9>«-*» 

.i  l'lt.x.-n-fi.)  JW-  3 

and  Act)  ,  irtetf)  stand  respectively  for  the  dimensionless  char 
ge  defined  by  means  of 

<2c*> 


il  (t  > 


a  ■  U 


and  for  the  instantaneous  transformation  R-*P  just  at  t»t. , 
the  moment  when  the  pulse  potential  is  applied.  (  nf  AIJ  )  . 
For  the  limiting  case  S-*  »6  ,  (5)  becomes 

ftU).  G-fo  *i-Ce-C.)-r  <**  +  i  **  *  Slw) 

/ri  *  l 

If  we  take  t.-o  /  we  have 


SI  to  »  Js  lU*  il  tt.M  <*> 

3-xj  j. 

where  the  second  term  comes  from  the  spherical  correction. 
Therefore,  we  will  obtain  a  linear  representation  for  Q(t)  vs. 


If  we  consider  a  plane  electrode,  ,  then  (6)  trans¬ 

forms  into 

{E  “lfz»  ~  2, 

it*- 

v;here  the  third  and  fourth  term  corresponds  then  to  the  correc 
tion  to  the  Cottrell  espression  due  to  the  fact  that  in  C-r0 
a  inhomogeneity  has  appeared  in  the  solution  as  a  consequence 
of  the  adsorption. 
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when  an  electrodic  transport  controlled  process  with 
boundary  conditions  including  adsorption  processes  is  studied 
using  an  arbitrary  time  controlled  potencial,  the  response 
functions  (  i(t),  Q(t),....)  depend  on  the  concentrations  of 
the  species  around  the  electrode  and  on  the  coverage  concen¬ 
tration,  wich  makes  necessary  to  solve  the  transport  equations. 

Following  a  treatment  similar  to  that  *  made 

for  the  DME  ,  we2have  studied  the  equations  that,  with  the 
usual  hypothesis  ,  describe  the  diffusion-convection  transport 
•chat  takes  place  in  the  RDE  when  reversible  process  Rme";=s  P 
is  considered.  This  treatment  is  based  on  the  transformation 
of  the  transport  differential  equations  into  an  integral  equa¬ 
tion,  which  in  this  case  is: 


>-t(M  -  V0'--  8  J  U-'fy*  \ 


aU-A) 


being 


"T.  iiu<  /%,  ri> 

5,-.  v«  C  /'*,-*  5“> *  •*'  1*  5k  t'"3  1 

?|.)  .  (,  „?tH)  fit)  '  £tU'r- 

and  the  function  A (A)  is  defined  by: 

ACM  •  \  f  o'l<*  »T  er|  (_Jvio  A  )  \  U) 

The  response  functions  i(t),  Q(t)  take,  for  the  potentios 
tatic  case,  the  form: 

-  ^  ^  *  -5  [»;w-  JSCO)]  }  („ 

ho.)-  Tl  CO)  -  (X  [l-fyl]  fibl  -  C  [&.(!.)  -  &«!»)]  (t) 

V  X-,u  ^  »  J 

where  f|(A)  ar.d  X2 ( A )  are  dimensionless  expressions  of  i(t)  and 
0  ( t)  : 


B  S  C*.  Oj  Of  U) 


^  CA}  3  iL»/i4LX) 


si  cm  n.  q  ■  s;vDa. ) 


05181 


3 

i  (X )  is  the  limit  diffusion  current  obtanied  by  Levich 
considering  the  diffusion  layer  hypothesis  of  Wernst  (statio¬ 
nary  state),  and  is  the  thickness  of  that  layer. 


Because  of  the  general  complexity' of  A(X),  it  is  interes¬ 
ting  to  consider  its  assyr.ptotic  behaviour  in  order  to  solve 
equation  (1): 

»(X)  ~  1  l*) 

1  0*14  {\  i 

Analysing  the  flux  values,  a  critic  value  of  V.  can  be  de¬ 
termined  for  wich  those  assym.ptotic  behaviours  can  be  used.  (Ae) 

3 

Thus,  in  the  absence  of  adsorption,  it  is  found 
Xc*  '/3.10 

and  then,  for  \->\C/A(X)  /v  o.  sWT. 


In  those  conditions,  the  integral  equation  (1)  can  be 
solved  exactly: 

\\  =  <L 

Due  to  this  fact  it  is  said  that  the  stationary  state  is 
reached  quickly  when  the  RDE  is  used. 


The  results  obtained  when  the  langmuirian  adsorption  is 
assumed  for  the  reaction  components,  show  that  the  X, value  is 
strongly  dependent  on  both,  the  dimensionless  parameter  B  (pro¬ 
portional  to  the  rotation  speed  of  the  disc  (  v'*1) )  and  the  ad¬ 
sorption  coefficients.  Then  the  stationary  state  hypothesis 
does  not  hold  when  strong  adsorption  is  considered. 


References : 

1.  J.Puv,  F . Has ,  F.Sanz  and  J.Virgili,  J.  Zlectroanal.  Chem, 

103  (1535)  27. 

2.  Yu.  V.  Pleshov  and  V.Yu.Fiiinovckii, 

"The  Rotationg  Disk  Electrode",  Consultants  Bureau,  Yew  York, 
1576. 

3.  V.G. Levied,  "Physicochemical  hydrodinamics" ,  Prentice  Hall, 
t’ev  Yarsey,  1962. 


05190 


OXYGEN  EVOLUTION  REACTION  ON  CHEMICALLY  CO-PRECIPITATED  NICKEL 
HYDROXIDE-IRON  HYDFOXIDE  MIXTURE  ELECTFDD E 

S.  I.  COFDOBA,  R.  E.  CARBONIO,  M.  LOPEZ  TEIJELO  and  V.  A.  MAC KINO 
Instituto  de  Investigaciones  en  Fisicoquimica  de  Cdrdoba  (INFIQC) ,  Departa 
mento  de  Fisico  Qulmica,  Facultad  de  Ciencias  Qulnticas,  Universidad  Nacicnal 
de  Cordoba.  Sue.  16,  C.  C.  61,  5016  Cdrdoba,  ARGENTINA. 


Oxide  anodes  can  be  prepared  by  thermal  decomposition  depending  their 
electrocatalytic  properties  on  temperature  and  preparation  procedure.  The 
same  (hydrous)  oxides  can  be  obtained  by  electrolytic  growth  or  by  chemical 
precipitation  on  a  suitable  substrate  although  in  these  cases  corrosion  is 
more  pronounced.  The  present  work  deals  with  the  electrochemical  response 
of  nickel  hydroxide-iron  hydroxide  mixtures  of  different  composition 
chemically  co-precipitated  on  a  conductive  substrate  (platinon  or  vitreous 
carbon)  with  particular  reference  to  the  electrocatalytic  activity  for  the 
oxygen  evolution  reaction  (OER).  The  films  were  chemically  co-precipitated 
by  alternative  immersions  of  the  substrate  in  NiSC>4  +  FeS04  and  NaOH 
solutions  of  different  concentration  following  a  procedure  previously 
described  to  prepare  colloidal  electrodes1'2. 

Figure  1  shows  the  E/i  potentiodynamic  response  for  the  Pt/Ni(OH)  and 
?t/Fe(OH)  single  interphases  and  the  Pt/Ni(OH)2  +  Fe(OH)2  mixed  interphase 
at  2 5°C.  The  Pt/Ni(OH)2  electrode  shows  the  anodic  and  cathodic  current 
peaks  related  to  the  H-electrosorption/electrodesorption  (-0.90  to  -0.50  V 
vs  Hg/OHg/0.01  M  NaOH)  and  to  the  O-electrosorption/electrodesorption 
(-0.50  to  0.30  V).  At  more  positive  potentials,  the  current  peaks  related 
to  the  Ni (II) /Ni (III)  redox  couple  and  the  start  of  the  OER  are  observed. 
The  current  peaks  located  at  c.a.  0.55  V  in  the  anodic  potential  scan  and 
at  0.47  V  in  the  cathodic  scan  correspond  to  the  reaction1 

N  i  (OH)  ^  +  OH~  — NiOOH  +  H^O  +  e  (1) 

The  electrochemical  response  of  a  Pt/Fe(OH)2  electrode  shows  two  clearly 
defined  redox  couples.  The  first  one  appears  at  more  negative  potentials 
with  the  anodic  and  cathodic  peaks  located  at  c.a.  -0.74  V  and  -0.89  V 
respectively,  and  the  second  one,  which  exhibits  a  greater  reversibility, at 
c.a.  -0.53  V  and  -0.63V  respectively.  The  comparison  of  the  redox  couple 
potentials  with  thermodynamic  data  and  the  results  obtained  on  platinum 
and  vitreous  carbon  for  different  pH  values  of  the  electrolytic  and  alkali_ 
r.e  precipitating  solutions  as  well  as  the  effect  of  the  cation  employed 
!!ia+  or  K+)4,  allow  us  to  postulate  that  the  redox  couple  observed  at  more 
negative  potentials,  corresponds  to  the  reaction  ^ 

3  F e  (OH )  ^  +  2  oh'  Fe.jO.4HO  +  2  e  ,  (Eo=  -0.758  V)  (2) 

while  the  second  redox  couple  corresponds  to  the  reaction 

Fe(OH)2  +  OH'  ===*  J  -FeOOH  +  +  e  (E°=  -0.653  V)  (3) 

according  to  a  bi layer  model®. 
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The  Pt/Ni(CH)  +  Fe (OH)  electrode  shows  the  redox  processes  corresponding 
to  the  Fe(II)/Fe(III)  couple  at  practically  the  same  potentials  as  those 
obtained  with  the  Pt/Fe(OH)  interphase,  while  there  is  a  pronounced  shift 
of  the  Ni  (OH) 2  oxidation  towards  positive  potentials  as  compared  with  the 
single  interphase.  Simultaneously,  the  Ni(OH>2  oxidation  peak  is  totally 
masked  by  the  OER  due  to  the  considerable  decrease  in  the  overpotential  for 
this  reaction.  The  effect  can  be  clearly  seen  in  Fig.  2,  where  the  potential 
scan  includes  the  anodic  current  peak  corresponding  to  the  OER.  In  this 
case,  the  oxygen  reduction  current  peak  at  -0.30  V  can  also  be  seen  during 
the  negative  potential  scan.  The  shift  of  the  N i  (II)/N i (III)  current  peaks 
measured  through  the  NiOOH  reduction  peak  potential  decreases  as  the  Ni(OH)2 
content  in  the  mixture  increases.  The  catalytic  activity  for  the  OER  is 
maximum  in  a  mi  xtir  e  with  20-25%  of  Fe(OH)2. 

Other  important  features  shown  by  the  mixed  electrode  is  a  greater  stabi¬ 
lity  of  the  E/i  profile  for  the  Fe (II)/Fe (III)  redox  couple  than  that  of 
the  individual  components  and  a  noticeable  charge  increase  of  the  nore  rever_ 
sible  redox  couple  (Fe (OH) 2/FeOOH)  as  compared  with  that  of  the  Fe(OH)2/ 
Fe304.4H2O  redox  couple.  These  facts  indicate  that  the  addition  of  Ni(OH)2 
to  Fe (OH) 2  electrodes  would  stabilize  the  charge  during  successive  charge/ 
discharge  cycles  of  the  Fe(OH)2  electrode. 

Stationary  polarization  curves  show  values  of  the  Tafel  slope  for  oxygen 
evolution  of  0.06  V  for  Pt/Ni(OH)2  and  0.05  V  for  Pt/Fe(OH)2.  Mixed  elec¬ 
trodes  show  a  lower  overpotential  than  either  Ni(OH)2  or  Fe(OH)2  single 
electrodes  with  a  Tafel  slope  of  0.03  V  and  a  reaction  order  with  respect  to 
the  OH-  ions  concentration  of  about  2.  The  experimental  Tafel  slope  and  the 
reaction  order  parameters  for  the  mixed  electrode  are  in  reasonable  agree¬ 
ment  with  the  theoretically  predicted  values  for  the  mechanism  known  as 
"oxide  path"7. 

The  performance  of  the  electrode  at  0.61  V  in  a  1  M  NaOH  electrolytic 
solution  decreases  from  8  mA/cm2  to  4  mA/cm2  over  a  period  of  72  h.  The 
voltammogram  recorded  after  this  time  shows  a  decrease  in  the  charge  corres 
pending  to  the  Fe (II) /Fe  (III)  redox  couples  and  a  shift  of  the  current 
peaks  related  to  the  Ni (XI) /N i (III)  process  towards  less  positive  potentials. 
These  results  could  be  an  indication  of  the  existence  of  a  selective 
dissolution  process  of  Fe(OH)2  in  the  electrolytic  solution. 
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Potent iodynamic  E/i  profiles  of  electrodes 
prepared  by  5  alternative  immersions  in  1M 

NaOH  and  -  0.025M  Fe2+;  _  0.025M  Ni2+; 

11  ■  0.0125M  Ni2+  +  0.0125M  Fo2*. 
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Introduction: 

The  hydrogen  evolution  reaction  (HER)  which  accompanies  corrosion  of  the 
oxide  films  of  titanium  has  been  reported  by  different  authors  although 
results  are  not  in  agreement.! 

At  cathodic  potential  region,  the  oxide  films  lose  their  corrosion  resis¬ 
tivity  which  could  be  explained  by  hydride  formation  at  the  surface. 2“3 

The  behavior  of  the  anodic  oxide  films  of  titanium  electroforraed  in  sulfu. 
ric  acid  0,5  M  inder  different  experimental  conditions  is  studied  in  the 
cathodic  branch  by  linear  voltammetry  rotatory  disc  electrode  (HIE)  and 
impedance  measurements. 

c  r  l mental : 

The  specimen  was  a  titanium  tod  of  99,99%  purity,  fixed  in  a  teflon  holder. 
Ti;.  exposed  area  was  about  C,5  cm2.  After  degreasing,  it  was  chemically 
P'-iish^i  in  a  solution  1:4:5  parts  by  volume  of  4  8%  HF  ,  65%  H.'O  3  and  water 
1 esuect i vely . 4 

The  oxide  film  was  formed  by  linear  sweep  voltammetry  using  different 
final  anodic  potential  and  then  it  was  carefully  removed  by  chemical  poli¬ 
shing.  A  saturated  calomel  electrode  (SCE)  was  used  as  reference  electrode. 
All  the  potentials  are  referred  to  the  standard  hydrogen  electrode  (SHE). 

Results  and  discussion: 

Tne  nydrogen  evolution  reaction  (HER)  in  perchloric  and  sulfuric  acid 
solutions  at  different  pH  values,  keeping  ionic  strength  constant,  was 
studied  on  electrofor med  thick  oxide  films. 

The  thickness  and  properties  of  the  oxide  films  were  evaluated  by 
impedance  measur ements . 5 

The  typical  i/E  curves  obtained  with  a  KDE  showed  a  limit  current  between 
-1.8  and  -2.0  V.  A  linear  relationship  between  limit  current  density  values 
and  rotation  rate  square  root  was  found  as  predicted  by  Levich  equation  for 
controlled  processes  for  mass  transport  solution  at  different  pH  values 
(figure  1).  From  these  results  the  diffusion  coeffici for  hydrogen  ions 
was  calculated  and  its  value  was  in  agreement  with  the  literature  for  pe£ 
chloric  acid  solutions.  However,  in  sulfur. c  acid  solutions  it  was  necessary 
to  correct  the  hydrogen  ion  concentration  due  to  the  presui.ee  of  acid 
sulfate  ions.® 

The  cathodic  Tafei  slope  obtained  from  E-log  i  max  r  epr  esenta'  ' .  v'.s  was 
about  -120  nV/dec,  and  the  reaction  order  with  respect  to  hydrogen  ion  was 
qui; f  close  to  1. 

t/uo  2  shows  *-).c  simultaneous  potent iodynamic  measurements  of  current 
dens. t /  (lower  part)  and  capacity  (upper  part)  as  a  function  of  potential. 

T.  e  rctor.tial  electrode  was  swept  ariodically  freu  0  V  up  to  3,2  V,  then 
.1- versed  to  -2,C  V,  (bllowud  by  a  second  sweep  back  to  3*2  V  before  return 
:r.j  to  the  starting  potential.  *hon  the  potential  was  reversed  at  the 
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cathodic  limit  the  current  density  was  higher  than  the  values  obtained  in 
the  negative  sweep.  This  effect  could  indicate  that  changes  in  the  hydrogen 
evolution  reaction  occurred. 

During  the  second  anodic  sweep  the  current  density  profile  between  0  V 
and  2.3V  shows  negligible  values  although  after  2.3V  it  increases  again 
up  to  the  first  cycle  value  which  indicates  that  oxide  film  growth  is 
occurr  ing. 

It  can  also  be  seen  from  figure  2  that  electrode  capacity  decreases 
continuously  with  the  increase  of  oxide  films  thickness  which  is  well  known 
for  thicker  oxide  films.  In  the  negative  sweep  the  capacity  remained  almost 
constant  up  to  2.3V,  and  then  increased  again  for  less  positive  potentials. 
During  the  second  positive  sweep,  the  capacity  values  are  lower  than  those 
obtained  in  the  first  cycle  up  to  2.3  V.  After  it,  similar  capacity  values 
were  obtained  in  both  cycles. 

The  capacity  values  obtained  at  lower  potentials  during  both  negative 
sweeps  were  plotted  according  to  Schottky-Mott  equation  from  which  similar 
donor  concentrations  were  found. 

The  C~1  vs  d  (oxid^  thickness)  plot  shows  the  same  slope  for  both  positive 
sweeps  with  a  greater  initial  thickness  (do)  for  the  second  one.  This  fact 
can  be  interpreted  as  a  thinning  o:  the  oxide  film  occir  ring  simultaneously 
with  the  hydrogen  evalution  reaction. 
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Introduction 

In  the  present  communication,  the  study  of  the  electro-reduction  of 
d  ibromonorcarane  to  the  corresponding  rtonobromo  derivative  carried  out  in 
a  two-phase  electrolytic  system,  assisted  by  mediating  redox  couple,  is 
reported.  The  chemical  synthesis  of  the  same  compound,  although  well 
characterized,  is  not  satisfactory,  due  principally  to  the  high  temperature 
and  long  time  required,  as  well  as  to  the  low  specificity  and  yield. Electro 
synthetic  methods  are  more  promising,  but  if  a  conventional  monophasic  2 
electrolyte  system  is  employed,  very  high  negative  potentials  are  required  . 

The  electrosynthesis  performed  in  an  aqueous/non-aqueous  heterogeneous 
system  with  a  water  soluble  redox  agent  electrochemically  regenerated  has 
been  successfully  applied  to  other  organic  electrosynthesis3 ,  and  we  hope 
this  procedure,  if  properly  applied  to  the  synthesis  of  monobromonorcarane, 
will  help  to  overcome  in  a  significant  way  the  difficulties  already 
mentioned . 

Exper i mental 

The  electrolytic  cell  employed  was  of  conventional  design  with  three 
electrodes  and  separated  anodic  and  cathodic  compartments. 

The  silver  working  electrode  was  either  a  foil  of  12  cm2  0f  geometric 
area  or  a  wire  of  2,3  cm2,  depending  on  the  type  of  experiments.  The  first 
one  was  employed  in  controlled  potential  electrolysis  for  preparative 
purposes,  while  the  second,  was  suitable  far  the  non-stationary  \oltammetr  ic 
techniques.  The  counter  electrode  was  a  platinized  platinun  foil,  and  a 
saturated  calomel  electrode  was  employed  as  reference. 

All  reagents  were  of  analytical  grade,  used  without  further  purification 
except  d ibromonorcarane  which  was  chemically  synthesized  from  bromoform  and 
cyclohexene4.  Sodium  perchlorate-perchloric  acid  and  tetrabutyl  amnoniun 
perchlorate  were  employed  as  inert  electrolytes.  The  biphasic  emulsion, 
methylenechlor ide-water  was  maintained  by  mechanical  agitation.  The  media¬ 
ting  reducing  agent  was  the  Cr (II)/Cr (III)  redox  couple. 

The  experiments  were  performed  at  0  +  0,1“C  and  desoxygenated  with  N2 
bubbled  through  the  emulsion. 

Characterization  and  quantification  of  electrolysis  products  were 
performed  by  gas  chromatography,  using  SE  30  as  stationary  phase. 

i'esui  ts  and  Discus i  an 

stationary  an.)  potent  iodynuiiiic  current-potential  curves  for  aqueous 
chromic  chloride  solutions  at  different  pH,  were  performed.  Two  processes, 
the  reduction  of  Cr(III)  and  the  evolution  of  hydrogen,  were  well 
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characterized  in  stationary  polarograms,  whose  middle  wave  potential 
difference  was  dependent  upon  pH.  The  voltamnograms  presented  a  well 
defined  peak  system  due  to  the  Cr (II) /Cr (III)  redox  couple. 

The  system  water-methylene  chloride  emulsion-inert  electrolytes,  analyzed 
by  cyclic  voltammetry  proved  to  be  stable  and  electro  chemically  inert  under 
the  experimental  conditions  employed.  From  these  results,  proper  parameters 
of  pH  and  potential  for  the  preparative  electrolysis  were  chosen. 

Table  I  summarizes  the  experimental  conditions  and  results  obtained  in 
controlled  potential  electrolysis  for  the  electro  synthesis  of  monobromonor  - 
carane.  Only  in  the  cuse  of  electrolysis  n45,  where  both  Cr (II)/Cr (III)  and 
the  biphasic  solvent  system  were  present,  good  yields  (more  than  50%)  were 
obtained.  It  is  clear  form  these  results  that  aqueous  Cr(Il)  electrochemi- 
cally  generated,  is  the  reducing  agent  for  dibroironor carane  present  in  the 
organic  phase. 

The  biphasic  electrolysis  technique  would  help  to  9olve  problems  such  as 
the  low  conductivity  of  organic  media  and  the  insufficient  solubility  of 
organic  substrates  and  products  in  the  aqueous  phase.  Furthermore,  the  use 
of  mediating  water  soluble  redox  systems  allows  lower  electrolysis  potential 
to  be  employed. 

Optimization  of  operative  conditions,  such  as  the  use  of  better 
emulsifying  methods,  minimization  of  resistive  losses  by  meands  of  properly 
selected  anolyte-catholyte  separators  and  soon,  would  render  the  electro¬ 
synthetic  method  a  proper  one  for  the  obtention  of  nonohalogenocyclopropanic 

compound  s . 
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Introduction 

The  electrocrystallization  of  zii  -  has  been  extensively  studied  in 
alkaline  solutions,  although  in  acid  media  fewer  publications  have  appeared! 
More  recently,  studios  refered  to  the  initial  stages  of  deposition  of  zinc 
using  foreign  substrates  such  as  silver^,  platinum,  gold  and  graphite^,  or 
glassy  carbon4  have  been  published.  There  have  been  no  reports  on  the  use 
of  titanium  for  zinc  electrocrystallizat.on  and  this  metal  is  being  used 
increasingly  as  a  stable  substrate  in  industrial  electrochemistry^. 

The  results  presented  here  are  related  i  ~>  zinc  electrodeposition  on 
titanium  electrodes  that  are  polished  mechai  really  or  chemically,  and  the 
effect  of  electrochemically  grown  thin  titan,  m  oxide  films  on  the  reduction 
process. 

Experimental 

The  working  solutions  were  prepared  with  de-io.  ized  and  purified  water 
(Milli-Q  system),  using  zinc  oxide  powder  and  ammo,  itm  chloride  or  zinc 
sulfate  and  sodium  sulfate,  and  degassed  using  pur  i,  i  ed  nitrogen.  The  pH 
was  adjusted  at  desired  values  adding  sulfuric  acid  ^r  sodium  hydroxide 
solutions.  All  measurements  were  done  at  25eC. 

The  working  electrode  was  an  8  irm  titanium  disk  (Al.a  99.9%)  polished 
mechanically  with  a  0.05  un  alumina-water  suspention  to  pecular  surface, or 
chemically  by  10  to  15  second  dip  in  a  (1:4:5)  fluorhydri'  acid-nitric  acid- 
water  mixture.  The  counter  electrode  was  a  large  platinum  oil  and  a 
saturated  calomel  reference  electrode  was  used,  to  which  ai  potentials  in 
the  text  are  refered. 

The  electrochemical  measurements  consisted  of  single  or  rc  etitive 
linear  sweep  voltammetry  or  pulse  potential  steps. 

Resul ts  and  D  iscussion 

The  i/F.  profile  obtained  with  linear  potential  sweep  voltammetr  using  a 
mechanically  polished  titanium  electrode  in  slightly  acid  (pH=6.9)  H^Cl 
0.2M  and  ZnO  lxlO-^  m  solutions  is  shown  in  figure  1  (curve  a).  The 
repetitive  potential  cycling  of  the  electrode  produces  a  shift  in  the 
cathodic  current  peak  towards  more  positive  values  (curve  b)  ,  thus 
decreasing  the  current  loop  observed  in  the  first  cycle.  (The  cathodic 
current  on  reversal  of  the  sweep  is  higher  than  that  found  on  <ping  in  t.  •> 
cathod i c  d i r ection  in  the  initial  stages  of  d eposition) .  In  the  positive 
sweep  a  decrease  in  current  values  at  potentials  more  negative  than  -0.9V, 
whilst  an  increase  in  current  at  potentials  more  positive  than  -0.9V  can  be 
seen.  This  last  effect  is  enhanced,  and  another  anodic  current  peak  can  be 
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observed,  when  the  cathodic  potential  limit  is  changed  to  values  where 
hydrogen  evolution  occurs  (curve  c)  or  when  a  chemically  polished  electrode 
is  used. 

When  mechanically  polished  electrodes  are  previously  oxid iced ,  either 
potentiodynamically  of  gal vanostatically ,  up  to  potentials  between  0  arc] 
1.0V,  the  zinc  reduction  processes  are  practically  not  affected,  although 
higher  currents  are  obtained  in  the  positive  sweep  at  potentials  more 
positive  than  -0.09V. 

'  The  cathodic  current  loop  observed  in  the  zinc  deposition  process, 
together  with  the  linear  variations  of  peak  current,  peak  potential  and 
h.if-peak  width  with  the  square  root  of  potential  sweep  rate  are  indicative 
ol  nucleation  and  growth  phenomena^.  The  charges  involved  in  the  cathodic 
process  point  to  multilayer  deposition. 

Results  obtained  with  repetitive  potential  cycling  of  the  electrode  in 
the  zinc  reduction  and  oxidation  potential  region,  in  solutions  with  lower 
pH  show  a  rapid  decrease  in  the  current  related  to  the  zinc  processes  in 
favour  of  an  increase  in  current  due  to  the  hydrogen  evolution  reaction. 
This  effect  makes  the  analysis  of  the  datsa  rather  difficult. 

The  i/t  profiles  obtained  with  pulse  potential  junps  (figure  2)  show 
an  initial  charging  current  decay  followed  by  an  increase  in  cixrent  which 
goes  through  a  maximum  (Im)  at  a  time  tm  and  then  falls  to  values 
corresponding  to  linear  diffusidn.  The  current  maximum  values  increase  as 
the  final  potential  of  the  double  pulse  is  made  more  negative.  These 
features  are  common  to  the  titanium  substrate  independently  of  the  surface, 
treatment  applied. 

2 

For  mechanically  polished  electrodes  the  product  Im  remains  constant 
independently  of  the  final  potential  applied,  as  required  by  theory  of 
three  dimensional-  nucleation  with  diffusion  controlled  grpwth. 

The  transients  were  compared  with  the  non-dimensional  equations  obtained 
from  theory7  by  plotting  I  2/i2  vs  t/t^,  for  which  a  reasonably  good  fit 
was  obtained  when  compared  with  progressive  nucleation  equations. 

When  mechan ichally  polished  electrodes  were  oxidized  previous  to  the 
pulse  potential  jump,  similar  results  were  obtained  showirig  a  progressive 
nucleation,  although  there  appears  to  be  a  change  towards  a  predominance  of 
instantaneous  nucleation  when  a  chemically  polished  electrode  with  or  with¬ 
out  previous  oxidation  is  used.  Dispersion  of  exper imental  results 
increased  when  the  chemical  polishing  is  used. 

Some  measurements  were  performed  in  the  potential  region  of  titanium 
oxide  growth  after  the  electrode  was  cycled  repeatedly  in  zinc  reduction 
and  oxidation  potentials  (between  -1,*5  and  0  V).  The  currents  related 
to  the  oxide  growth  were  almost  twice  those  obtained  without  the  activation 
at  cathodic  potentials  indicating  an  enhancement  of  oxide  growth.  This  is 
probable  related  to  zinc  atoms  incor por ated  into  the  zinc  oxide  formed  on 
the  surface  which  increases  the  electrodes  electrical  conductivity!. 
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The  unde rpc ten tial  deposition  of  Pb  on  polycrystalline  gold  electnocataly- 
zes  the  reduction  of  nitrate  ion  in  an  acid  mediim(l).  Also,  the  electrore¬ 
duction  of  nitrate  ions  on  polycrystalline  gold  electrodes  modified  by  tnder- 
deposited  cadmium  submono layers,  shows  a  significant  electrocatalytic  effect. 

Sc,  the  LTD  of  cadmium  on  gold  shifts  the  reduction  wave  of  nitrate  300  mv 
towards  positive  values  with  respect  to  that  obtained  on  gold  or  cadmium 
electrodes. 

Figure  1  shows  the  voltanmetric  curve  for  adsorption-desorption  of  cadniun 
or.  gold  and  its  effect  over  nitrate  ior.  reduction  to  nitrite  ion. 

The  anion  of  the  supporting  electrolyte  playr  a  significant  role  on  the  reduc¬ 
tion  process,  figure  2.  This  type  of  behaviour  can  be  attributed  tc  same  com¬ 
petitive  adsorption  between  nitrate  and  the  anion  species  present  ir.  the  sup¬ 
porting  electrolyte,  essentially  HSO^.  These  facts  are  in  agreement  with  the 
specific  adsorption  of  nitrate  ions  or.  goid  and  their  specific  adsorption  on 
the  deposited  Cd  adatcmos(2). 

Quantitative  analysis  reveals  that  the  current  is  diffusion  controlled 
(  i-v/j;  i-t  -%) .  In  non-buffered  solutions  and  at  constant  pH,  2.4,  the  peak 

_3 

current  increases  with  nitrate  concentration  until  a  value  of  5.10  M  is  rea¬ 
ched.  At  higher  concentrations,  the  current  remains  constant,  figure  3. 

TYns  fact  would  suggest  that  the  surface  was  saturated  by  a  layer  of  adsorbed 
nitrate  ions  t3).  However,  at  hi^ier  H  0*  concentration  (for  NO  5.10  ) 

J  ^ 

+■ 

•he  current  increases  clearly.  This  mean  that  H^O  diffusion  can  play  a 
determinant  role  on  the  reduction  of  nitrate  ion  in  our  experimental  conditions. 

In  buffered  solutions  of  a  fixed  pH  higher  than  before,  the  peak  current 
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increases  as  NO-  increases,  figure  4.  Also,  at  a  constant  nitrate  concentra- 

_3  ^ 

tion,  10  M,  the  peak  current  remains  cons  tar  .  at  all  pH  values  investigated, 
pH  interval  :  3.7  to  5.5. 

Thus,  the  rate  of  the  process  is  governed  by  H30+diffusion  in  non-buf- 

fered  solutions  and  not  by  the  saturation  of  the  electrode  surface  by  adsorbed 

nitrate  ions. 
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:igure  1.  Au/Na  SO 
pH  =  3.45 


O.SM;  CdSO  5 
;  v  -  50  mv/s. 


.10_3M;NaN03  2.10_2M. 


( - )NaC10  1.5M  + 

Cd(C10  )  5.10“^  ♦ 
NaNO  7.ICT4.  pH=2.4 

( - )  as  before  + 

Na  SO  5 . 10 ~M 
2  4 

v=  50  mv/s. 


05240 


CHLORIDE  INHIBITION  OF  OXALIC  ACID 
AT  A  GOLD  ELECTRODE  IN  ACID  MEDIA 

E.  GOMEZ3,  E.  VALLES3,  J.M.  FELIUb,  A.  ALDAZb. 

a)  Dpto.  Quimica  tisica,  Fac.  (Xumica,  liiiversidad  de  Barcelona. 

b)  Dp  to.  Quimica  Fisica,  Uni  vers  idad  de  Alicante. 


Oxalic  acid  oxidation  usually  takes  place  on  bait  go.d  surface^  in  an  acidL 
\C.w  M  H  30  )  medium.  The  process  is  diffusion  controlled  (i-v2,  i-c,  i-t 
i-v/2  linear 7  and  ir:volves  two  electrons  per  oxalic  acid  molecule.  The  pre¬ 
sence  of  chloride  ion  inhibits  the  oxalic  acid  oxidation  progressively  and 
causes  the  increase  of  its  Tafei  slope.  At  hitter  Cl  concentrations  (>  10 
M )  the  normal  oxalic  peak  dissapears  and  the  reaction  takes  piace  at  more 
positive  potentials. 

The  vc  I  tame  trie  behaviour  of  oxalic  acid/gold  system  in  0.5  M  M^SO^  in  p  re 
fence  of  different  amounts  of  Cl  has  been  studied.  The  chloride  concentra¬ 
tion  ranges  from  7.10  M  (0.5  H^SO^  Mfcrk  suprapur  in  MilliQ  water)  to  10  M 
The  Cl  effect  on  the  oxidatign  of  oxalic  acid  is  clearly  observed  at  con¬ 
centrations  higher  than  4.10  M.  Solution  stirring  (N^  bubbling)  gives  sma¬ 
ller  currents  than  quiet  solutions  at  the  foot  of  the  wave.  The  Tafei  slope 
increases  from  its  initial  value,  accordingly  to  the  following  results: 


i/moi/ 


7  10 


1.1 
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c  .  c 
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10 

10 
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(from  H  SO, 
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( 


Merk  p.a. ) 
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ft  4 


Tafei  siope/mV 
60.1 
62 

66.5 
73 
81 

93.5 


The  later  slope  is  similar  to  the  obtained  in  a  parallel  experience  after 
5  rrm.  emersion  into  the  solution  of  a  K401  Radiometer  saturated  calomel 
reference  electrode  (90  mV/decade). 

:  c-ak  currents  hewever,  give  the  same  curren-  in  these  experiences.  The  di- 
mnutiog  of  the  peak  current  starts  for  cl  concentrations  higher  than 
4.3  10  X.  Fiv:m  that  concentration  (Fig.  1)  the  usual  oxalic  peak  drops 
quickly  as  .1  lr.ci eases ,  and  definitly  disappears  at  chloride  concentra¬ 
tions  h. gj.tr  than  6  10  M.  U  bubbling  ir:  this  range  of  concentrations  o- 
r:gu.a*ec  th»-  shift  of  the  cxa. ic  peak  that  moves  to  more  positive  values 
trig.  2  1 . 

Thi-  i. :  orient  adsorption  times  (Fig.  3)  have  a  t*rcng  uii  luence  in  the  vol- 
•  met:  -c  retprr.se  at  these  iow  concentrations  of  chloride  ion  in  which  Cl" 
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adsorption  must  be  governed  by  di  fuss  ion.  So,  the  voloarmogram  varies  with 
detention  time  at  different  potentials  before  the  start  of  the  sweep.  De¬ 
tentions  at  -300  mV  vs  MSE  show  an  increase  of  the  normal  wave  oi  oxalic 
acid  with  time.  Moreover,  detentions  at  the  peak  potential  cause  the  inhi¬ 
bition  of  the  oxalic  oxidation  reaction.  Soothe  current  drops  to  zero  in 
8  seconds  vhen  chloride  concentration  is  10  M. 

At  chloride  concentrations  higher  than  10~M  the  normal  oxalic  peak  dis¬ 
appears.  The  oxidation  ta^s  place  simultaneously  with  the  tetrachloro 
aurate  conplex  formation  .  The  simultaneous  oxidation  of  oxalic  acid  se¬ 
ems  to  affect  the  gold  corrosion  in  these  conditions  dig.  4).  The  charge 
involved  in  the  reduction  peaks  is  greater  in  presence  of  oxalic  than  in  a 
blank  solution  of  the  same  chloride  concentration. 
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Fig.  1.-  Current  peak  ratio  vs  leg  Cl  .  Oxalic  acid  4  10  M  in  H^SO^ 

0.5  M;  i  is  the  current  without  Cl  addition.  50  mV/s. 

Fig.  2.-  a)  1-E  curves  of  go^d  at  50  mV/s  without  agitation.  ( - )  0.5  M 

sulfuric  acid,  (---)+  10  N^Cl. 

b)  I-E^curves  of  4  10  M  oxalic  acid  oxidation  in  0.5  M  ^SO^  in 

presence  of  10  M  NaCl.  ( - )  N  bubbling  thnou#i  the  solution.  ( - ) 

quiet  solution.  As  before,  v=  50  mV/s. 

Fig.  3.-  Effect  of  a  detention  at  -300  mV  vs  MSE.  Detention  time  1-5:  0, 
5,  10,  45  and  90  sec.;same  conditions  as  fig.  2  but  NaCl  was  2  10  M. 

Fig.  4.-  I-E  cui-ve  for  4  10  oxalic  acid  oxidation  inpresence  of  10  M 
NaCl  ( — );  (-  -  -)  without  oxalic  acid.  Other  conditions  as  Fig.  2. 
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F'iRUVATE  OXIDATION  ON  GOLD  ELECTRODES  IN  BASIC  MEDIA 

E.  VALLES*,  E.  GOMEZ3,  J.M.  FELIUb,  A.  ALDAZb. 

a)  Dp co.  Qulmica  Fisica,  Fac.  Quimica,  Universidad  de  Barcelona. 

b)  Dpcc.  frilmica  Fisica,  Universidad  de  Alicance. 


Fyruvate  oxidizes  on  gold  eieccrodes  in  0.1  M  NaOH  through  an  irreversible 
two  electror.  reaction.  The  oxidation  process  takes  place  in  the  OH  adsoip- 
tior  none,  before  the  mam  gc.d  surface  oxidation  (Fig.  1),  showing  a  strong 
inhibition  after  the  peak  potential.  The  peak  ^urrent  is  not  totally  dif¬ 
fusion  controlled  (the  plots  i-v2,  i-c  and  i-w2  are  not  linear).  The  wave 
is  strcngjy  influenced  by  the  presence  of  Br  or  I  in  solution  (Fig.  2). 

If  a  positive  going  sweep  is  stopped  before  the  peak  potential  (before  the 
mam  gcid  surface  oxidation)  the  current  diminishes  more  quickly  as  the 
stirring  of  the  soluticn  increases  (rotating  disk  electrode). 

Al.  These  facts  point  to  the  existence  of  a  heterogeneous  process  in  the  o- 
xidaticn  cf  pyruvate,  together  with  a  self-inhibition  of  the  reaction. 

Moreover,  the  reaction  is  completely  blocked  when  the  main  surface  oxides 
are  formed  and  this  inhibition  disapears  when  the  oxides  are  reduced.  An 
anodic  current  during  the-  negative  going  sweep  is  observed,  related  to 
that  inhibition  process. 

The  self-.nh:biticr.  causes  that  the  electrolysis  for  the  obtention  of  the 
reaction  products  to  be  3  very  time  ccr.simirg  task  because  it  is  mpessi- 
b'.e  tc  eiectrolyzer  at  constant  potential.  It^  necessary  to  activate  the 
electrode  after  a  few  seconds  of  electrolysis  .  The  overall  process  can 
be  represerttd  by: 

C3K3°3  '  “  - *  C03  *  C2H3°2  '  2  H2°  ‘  2  * 

As  kinetic  paraneters,  Talei  slopes  of  90  mV/decade  were  measured.  Orders 
with  respect  to  pyruvate  and  OH  concentration  were  0.5  and  -0.5  respec- 
iive.y.  The  influence  cf  solution  equilibria  have  to  br^iaken  mto  acco- 
ur  t  in  order-  to  fit  these  data  in  a  datailed  nechar.ian  '. 

If  -fie  e. ectrv.de  is  cycled  ir.  a  non-stirred  soiutior.  terming  the  sate 
quantify  cf  oxides  in  the  positive  going  sweep  arid  we  alter  the  scar,  rate 
ir.  -he  negative  going  sweep,  the  charge  fur  the  reduction  of  the  gold  oxi- 
d-s  decreases  as  the  came  time  as  the  scan  rate.  This  fact  siggtots  the 
ex.ster...t  of  a  che^jcal  reaction  between  pyruvate  anion  and  gold  oxides, 
as  in  acid  mediur.  ,  but  open  circuit  experiments  with  the  system  goid 
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oxides-pyruvate  show  chat  when  the  potential  is  allowed  to  reach  the  sta¬ 
tionary  state  its  value  implies  the  existence  of  gold  oxide.  This  fact  shows 
that  there  is  no  direct  interaction  between  gold  oxides  and  pyruvate  anion. 
This  behaviour  is  different  from  that  of  oxalic  and  mesoxallc  acids  and 
suggests  that  slow  adsoiption  of  pyruvate  on  the  bare  gold  formed  by  oxi¬ 
des  reduction  may  be  taking  place  and  causing  the  difference  in  reduction 
charge  with  the  negative  scan  rate  (Fig  4). 
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CAPTIONS 

2 

Go.d  electrodes  of  0.16  cm  were  used  except  in  RDE  experiments  (0.2  cm. 
diameter).  All  potentials  are  referre^  to  MSE. 

Fig.  1.-  0.1  M  NaOH  ( -  -)  +  1.5  10  pyruvate  ( - );  v=  50  mV/s. 

rig.  2.-  0.1  M  NaOH  ±  1.25  10~3  M  pyruvate  ( - )  ♦  2  10~4  M  NaCl  ( - ) 

and  +  5  10  M  NaBr  ^-< - );  v=  50  mV/s. 

Fig.  3.-  0.1  M  NaOH  +  1.7  10  M  pyruvate;  v=  50  mV/s,  w=  1500  rpm.  Arrow 
indicates  the  effect  of  a  potential  hold  on  current. 

fig.  4.-  0.1  M  NaOH  +10  M  pyruvate;  v  =  50  mV/s,  v  =  40  ( - ),  60  ( - 

-)  arid  80  ( . )  mV/s. 
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OXALIC  ACID  OXIDATION  ON  GOLD  IN  ACID  MEDIUM 


J.M.  fELIUa,  J.  CLAfiETb, 

a)  Dpto.  Qulmica  Hsica, 

b)  Dpto.  Quimica  Hsica, 


C.  MULL£Rb,  J.L.  \A2QUEZ3’,  A.  ALDAZ3 
Universidad  de  Alicante. 

Fac.  Qulmica,  Uruversidad  de  Barcelona. 


Oxalic  acid  oxidation  on  pciicryst.aliine  gold  electrodes  in  an  atid  mediun 
(H^SC^  0.5  M)  takes  place  at  potentials  more  negative  than  the  surface  oxi¬ 
dation  of  the  metal.  The  voltarmetric,  difiusior.  controlled  peak  involves 
two  electrons  per  oxalic  acid  molecule.  Products  are  CO^  ar.d  protons,  in 
accordance  with  the  general  reaction  : 

C2°4H2  2C02  +  2n+  ’  2e 

Ch  bare  goid  surfaces  Tafei  slopes  are  60  raV /decade.  Orders  with  respect 
tc  oxalic  acid  concentration  ar.d  pH  are  one  in  both  cases.  A  mechanism 
according  to  this  vatuid  be: 

'  C2°4H2  +  M  —  ^C204H  *  H+  ♦  e  (K^ 

f«204H  - *  MC02H  *  C02  rds  (k?) 

MC02H  . . —  M  i  C02  H*  ♦  e 

i=  2F  K  k  C  C,,1  exp  iE 
1  2  ox  H* 

2 

No  Tale.:  slopes  of  120  mV/decade  were  obtained  . 

In.  rotating  disk  experiments  a  potential  hold  at  limiting  current  shows 
ro  significant  diminution  of  the  oxidation  current  with  time,  so  there 
-s  no  seif- inhibit ion  on  bare  goid  surfaces  (fig.  1).  However,  the  cur¬ 
rent  diminishes  when  metal  surface  oxidation  takes  place.  This  latter 
tact  points  to  the  heterogeneous  character  ol  die  oxalic  acid  oxidation 
and  shows  the  partial  inhibition  of  this  reaction  due  to  the  oxide 
lormatior. . 


'•her  a  hold  was  made  ir.  the  negative  going  sweep  after  the  metal  oxida- 
'•  - -- r i ,  -he-  current  ir, creases  progressively  and  oxaiic  acid  is  accunrriula- 
'-ed  rear  use  surface  ;lig.  2).  Moreover,  the  surlaie  oxides  reduction 
peak  ir  vs.ves  a  charge  which  is  lesser  than  the  cr.e  obtained  in  absence 
•  •  ac  id.  These  results  show  that  the  oxalic  acir  oxidation  con- 

'•  -T.ues  at  a  lower  rate,  cn  oxidized  surfaces,  ar.d  there  is  associated 
•'-in  a  cn»m;-a.  re -action  between  oxalic  acid  ar.d  gold  surface  oxides. 
P*r.  tin  u:t  experiments  also  support  thiere-  explanations. 


05261 


Different  behaviour  is  observed  when  the  positive  oxidation  limit  is  in-  „ 
creased  to  sufficiently  hi#i  values  (1.5-1. 7  V  vs  SSE).  As  ir.  other  cases"' 
the  oxalic  acid  oxidation  is  totally  inhibited  (fig.  3).  When  the  negativt 
going  sweep  is  re-started,  after  the  hold,  the  outer  oxide  peak  diminishes 
in  the  presence  of  oxalic  acid,  but  the  surface  oxides  peak  is  unaffected. 
This  This  diminution  is  due  probably  to  the  existence  of  an  electrochemi¬ 
cal  mechanism  in  the  reaction  of  oxalic  acid  with  the  cuter  oxide.  The 
reaction  would  start  only  when  surface  gold  oxides  are  eiectroehemicaily 
eliminated. 

After  bulk  oxides  have  been  reduced  an  oxidatior.  current  in  the  negative 
going  sweep  is  observed.  This  current  is  hitter  than  the  corresponding 
one  obtained  in  the  positive  going  sweep.  This  excess  of  current  is  ob¬ 
served  in  the  usual  potential  controlled  region,  an  has  the  aspect  of  a 
decay  current.  The  new  peak  is  unaffected  by  the  agitation  and  it  is  in¬ 
fluenced  by  pH  and  oxalic  acid  concentration.  At  constant  potential  the 
current  of  this  new  peak  varies  with  time.  These  facts  can  be  explained 
on  the  basis  of  a  supposed  re-organisation  of  a  higly  active  surface 
after  the  bulk  oxide  reduction. 
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CAPTIONS 

-3 

Eig.  1:  10  M  oxalic  acid  in  0.5  M  H  SO  .  ( - )  v=  50  mV/s,  w=0. 

(-  -x-)  v=  50  mV/s,  w=  1000  rpm. 

Fig.  2:  10  M  oxalic  acid  in  0.5  M  H^SO^.  Effect  of  1  min.  hold  at 

780  mV  vs  SSE  during  the  negative  going  sweep  (---).  Normal 
sweep  (- - ),  v=  50  mV/s. 

Fig.  3:  5.4  10  i-l  oxalic  acid  in  H2S04  0.5  M.  E  =  1.75  V  vs  SSE. 
v=  50  mV/s,  w=  1000  rpm. 
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DIAGNOSTIC  CRITERIA  FOR  CHARACTERIZATION  OF  MECHANISMS  IN 

FOLAROGRAFHY 

M.  BLAZQUEZ.  L.  CAMACHO,  M.  JIMENEZ  and  M.  DOMINGUEZ 
Departamento  de  Quimica  Fisica,  Facultad  de  Ciencias, 
Universidad  de  Cordoba,  14005  Cordoba  (Spain) 


INTRODUCTION 

In  a  previous  paper1  diagnostic  criteria  -for  characteri¬ 
zation  of  CE  and  CEC  mechanisms  by  polarography  were 
presented.  They  were  based  in  the  calculation  of  i -E  -functions 
for  such  mechanisms  using  the  reaction  layer  theory.  The 
application  to  the  first  wave  of  pyri di ne-4-al dehyde  reduction 
was  discussed  therein.  However,  pyr i di ne-4-al dehyde,  like 
other  aromatic  carbonyl  compounds,  yields  two  one-electron 
pol  ar  ograph  i  c  waves  in  acidic  mediui..  Pwr '  dinium 

carbaxal dehydes  give  rise  to  a  second  wave  whose  behaviour  is 
rather  different  to  that  corresponding  to  other  carbonyl 
compounds.  Thus,  the  half  wave  potential  is  not 

pH-i ndependent ,  but  shifts  to  more  negative  potentials  as  the 
pH  increases^-'1.  This  behaviour  had  been  explained  for 
1 -methyl pyr i di ni urn  carboxaldehydes  assuming  a  protonation  of 
the  radical  farmed  in  the  first  wave  prior  to  the  second 
irreversible  reaction  transfer! 

The  aim  of  this  study  is  the  calculation  of  the  i -E 
functions  corresponding  to  the  second  reduction  wave  under 
different  conditions  for  mechanisms  corresponding  both  to 
diffusion  processes  and  to  kinetic  ones  in  the  limiting  zone 
of  the  pol arographi c  wave. 

THEORETICAL 

We  shall  consider  the  following  reactions: 


C  1  st  wave 


C  *  e 


E  2nd  wave 


We  have  assumed  the  diffusion  coefficient  to  be  the  same 
for  all  the  species  involved  and  B  to  be  the  only  species 
existing  in  solution  for  di f fusion-control  1 ed  processes.  A 


mixture 


spec l es 


ratio  depending  on  the 
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equilibrium  constant  will  exist  in  solution  for  kinetic 
processes. 

Expresions  have  been  obtained  either  by  the  reaction 
layer6  approach  or  from  the  asumption  that  the  reaction  are 
rapid  enough  to  take  place  at  the  surface  of  the  electrode.6 
Diagnostic  criteria  for  characterizing  several  processes  have 
been  obtained  and  their  application  to  the  pyridine-4-aldehyde 
will  be  discussed  in  the  following  section. 

RESULTS  AND .DISCUSSION 

Laviron  2  states  that  the  limiting  current  of  the  second 
wave  occurring  above  pH  4  is  ki net i cal  1 y-control 1 ed,  the 
chemical  reaction  involving  the  dehydration  of  the  carbonyl 
group.  The  abnormal  behaviour  with  respect  to  a  classic 
mechanism,  (E  shifts  with  the  pH)  can  be  explained  by 
assuming  an  increase  of  the  free  radical  reduction  rate, 
formed  in  the  first  stage,  with  respect  to  the  protonation 
rate,  due  to  the  strongly  electronegative  influence  of 
heterocyclic  nitrogen.  However,  no  direct  experimental 
evidence  is  presented  herein. 

Our  results  indicate  that  in  acidic  medium  (pH  0—6) 
pyr l d i ne-4-al dehyde  yields  two  pol arogr aphi c  waves  with  the 
same  limiting  current  and  k i net i cal  1 y-control 1 ed  in  the 
limiting  zone. 

Owing  to  the  proximity  of  both  waves  the  logarithmic 
analyses  perfomed  for  the  second  wave  do  not  provide 
unequivocal  results.  Thus,  E  vs  log(i  /(i,-i)>  plots  give  rise 
to  straight  lines  with  slopes  close  to  -4u  mV/dec,  whilst  E  vs 
log(iJ  / < i L— i ) )  plots  also  yield  linear  segments  with  slopes  of 
about  -30  mV/d ec .  The  regression  analysis  of  the  graphs  does 
not  permit  us  to  dicern  between  the  mechanisms  corresponding 
to  both  representations  although  they  are  in  favour  of  a 
reversible  transfer  reaction. 


The  table  shows  theoretical  and  experimental  values 
/dlogt  for  two  passible  mechanisms. 


of  dE^ 


pH  dE j /dlogt (mV)  dlni^/dint  ll/xD  theoretical  dE^/dloqt (mV I 


2.  14  0  0.62  0.1  »  i.S 

4.  IS  0  O.SO  0.30  3  7  S.6 


The  experimental  results  are  in  agreement  with  a  mechanism 
involving  a  reversible  transfer  reaction  followed  by  a  first 
or  pseudo-first  order  chemical  reaction,  the  limiting  current 
being  controlled  by  a  prior  chemical  reaction.  One  further 
evidence  in  favour  of  such  mechanisms  and  which  also  permits 
us  to  account  for  the  shift  of  the  wave  brought  about  by  an 
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increase  in  pH,  is  the  value  of  the  slope  of  Ej  vs.  pH  plot, 
-60  mV/dec,  which  coincides  with  that  reported  for 
1 -methyl -pyri di ne-4-al dehyde^  ,  thus  indicating  the  occurence 
of  a  protonation  step  prior  to  (mechanism  a)  or  following  the 
transfer  reaction  (mechanism  b).  In  principle  the  latter 
alternative  is  considered  to  be  more  feasible  and  will  be 
discussed  first.  For  such  a  mechanism  and  assuming  that  k  =k| 
H  * |  ,  i.e.,  reaction  (5)  corresponds  to  the  protonation  of  the 

product  of  the  second  one-electron  transfer  as  for  other 
cabonyl  compounds  occurs7-?  ,  the  theoretical  values  of  the 
slope  of  the  Ej  vs.  pH  plot  is  -60  mV/dec,  in  agreement  with 
our  experimental  results. The  dE^/dlogC  values,  -30  mV/d ec,  is 
consistent  with  such  mechanism. 

However,  if  a  quasi -equi 1 i bri um  protonation  step  prior  to 
the  transfer  is  postulated,  the  theoretical  value  of  the  slope 
of  the  E^  vs  pH  plot  is  also  -60  mV  for  reversible  mechanisms, 
although  it  would  be  necessary  to  postulate  a  further  chemical 
reaction  following  the  transfer  in  order  to  account  for 
influence  of  the  drop  time  on  the  half-wave  potentials. 
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AN  APPROXIMATE  EXPLICIT  EQUATION  IN  DIFFERENTIAL  PULSE 
POLAROGRAPHY  FOR  FIRST-ORDER  PROCESSES 

J.M.  RODRIGUEZ-MELLADO, M.  BLAZQUEZ , M.  DOMINGUEZ  and  J.J.  RUIZ 
Departamento  de  Guimica  Fisica,  Facultad  de  Ciencias, 
Universidad  de  Cordoba.  14005  Cordoba  (Spain). 


The  aim  of  this  work  is  to  propose  an  approximate 
method  applicable  to  electrochemical  processes  either  coupled 
or  not  to  first-order  chemical  reactions.  The  method  can  be 
extended  to  those  cases  in  which  two  or  more  electroactive 
species  are  discharged  at  relatively  close  potentials. 

THEORETICAL 

Explicit  1  -E  functions  for  d.c.  polarography  have  been 
derived  in  the  literature  and,  par t i cul ar 1 y ,  by  assuming  that 
the  reaction  layer  theory  is  satisfied  for  kinetic  processes. 
These  functions  can  be  written  in  general  forms  as: 

>;  ■ E!  -  Sr  ln  Tpr 

where  a  =  l  for  reversible  transfers  and  i^  is  the  limiting 
current. 

The  Ep  values  for  each  mechanism  have  been  obtained 
when  both  the  t  value,  the  potent i al -app 1 i cat i on  time  instead 
of  drop  time.  and  for  prekinetic  processes  the  known 
expressions  for  iL  /1q  are  used. 

From  eqn.  1  and  assuming  that  d i /de= Ai / Ae = I ,  the 
approximate  eauation  for  DF'F'  can  be  expressed  as: 


!'  ILL) 

\r  being  the  peak  intensity. 

The  validity  of  the  approx i mat i on  chosen  for 
prekinetic  cases,  has  been  checked  by  comparing  the 
theoretical  values  obtained  from  eqn.  2  with  those  found  from 
a  more  sooh i st i c at ed  treatment  recently  derived1,  as  shown  in 
f  l  Q'.ire  1  . 

Eqn.  C  can  be  easily  extended  to  two  or  more  waves  in 
DPP  assuming  that  the  mass  transports  of  electroactive  species 
are  independent.  In  this  case,  for  n  waves: 


_ _i _ . 
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Fig.l  Dotted  line:  Theoretical  values  found  with  1/K  ■*  1.37.10  , 

k  =15.8  s-^  from  ref.  1.  Dashed  line:  Theoretical  values 
obtained  from  eqn.  2. 


RESULTS  AND  DISCUSSION 

In  order  to  check  the  validity  of  above  theoretical 
expressions,  an  optimization  BASIC  program  has  been  developed. 
This  program  accepts  a  series  of  potential  and  intensity 
experimental  data,  previously  stored  in  a  data  file,  the 
intensities  being  normalized  by  dividing  each  datum  by  the 
maximun  value  of  this  variable.  From  approximate  values  of 
peak  intensities,  peak  potentials  and  logarithmic  analysis 
slopes,  an  optimization  of  these  parameters  is  carried  out  by 
minimizing  the  standard  deviation  of  the  residuals. 

The  method  has  been  tested  with  the  aid  of  well-known 
oxidation  and  reduction  processes  (reduction  of  Cd ( 1 1 )  ion, 
benzophenone  in  a  neutral  medium,  diacetil  and  alloxan,  and 
oxidation  of  ascorbic  acid).  In  all  cases,  the  parameters 
obtained,  Ep,  Ip  and  peak  half-widths  are  in  agreement  with 
the  experimental  data.  Logarithmic  analysis  slopes  obtained 
with  this  method  are  consistent  with  those  obtained  by  DC 
pol  arcigr  aphy . 

On  the  other  hand,  the  possibility  of  qualitative  and 
quantitative  determination  of  two  el ectroact i ve  species  with 
close  discharge  potentials  by  DPP  has  been  extensively 
analyzed  recently  by  Bobrowski  and  applied  to  the  reduction  of 
In  (I  II)  and  Cd ( I  I )  mixtures. 

The  curve-fitting  method  proposed  herein  has  been 
applied  to  the  analysis  of  the  same  mixtures.  In  figure  2  is 
shown  a  tvpical  DPP  polarogram  together  with  the  corresponding 
theoretical  curve. 

In  the  Table  are  shown  the  calculated  and 
experimental  errors  for  each  quantitative  determination.  The 
results  obtained  by  Bobrowski  have  also  been  included  for 
comparison.  As  can  be  seen,  the  proposed  method  improves  peak 
resolution,  especially  in  those  cases  in  which  a  shoulder 
appear  s . 


I 
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Fig. 2  DP  polarograms  for  2.10  Cd(II)  and  1.10  M 
In (III)  mixture  in  0.2  M  HC1. 


Experimental  Calculated  Calculated 

Solutions  error  (%)  error (») (ref  2)  error 


|  In  (III) 1  | 

Cd(ll) | 

In 

Cd 

In 

Cd 

In 

Cd 

2-  Iff5 

4-10'* 

15.0 

18.8 

17.7 

4.0 

0.0 

9.8 

10'- 

2-10- 

10.1 

11.0 

18.1 

3.9 

2.4 

2.5 

10* 

4  •  1 0  * 

31.9 

9.3 

• 

2.2 

0.4 

5.8 

10° 

4  •  10"S 

2.0 

• 

2.1 

• 

1.1 

46.0 

2-  10  5 

2  •  10  * 

* 

6.0 

_ 

_ 

0.5 

3.5 

*  Shoulder 

Theoretical  and  experimental  errors  in  the  determination  of  In 
and  cd  mixtures. 
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POTEMTIOSTATIC  REDUCTION  OP  METAL  COMPLEXES  ON  MERCURY  ELECTRODE  FOB  ANY 
LIGAND/METAL  RELATIONSHIP  VALUE. 
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Department  of  Physical  Chemistry. Faculty  of  Chemistry. University  of  La 
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In  this  communication,  the  reduction  wave  on  a  mercury  electrode  of 
area  A(t)  =  a  tD  is  analized,  where  a  and  b  are  positive  constaats.The  ge¬ 
neral  pattern  of  the  charge  transfer  process  is  > 


n+MXj  ♦  (n-m)  e"  (k8,  *  ,  E^)  -  ♦  (j-i)  X  (l) 

where  J  =  0  or  J  ■  p  if  the  cation  or  n+MXp  complex  is  the  electroactive 
species;  likewise  i  ■  0  or  i  *  q  if  the  reaction  product  is  M**  or  ®+MX 

<1 

coordinate  species. 

The  difussion  of  all  component#  to  (from)  the  interface  from  (to)  the 

bulk  solution  is  described  by  the  expanding-plane  model. According  to  K.  B. 

Oldham1,  we  can  write  for  the  species  Mn+  and  n+MX  t 

P 

OCjjn-Kr.t)  .  ac^+U.t)  32C^i+(r,t) 

-  m  -  -  +  D  - 5 - 

«)t  t  3r  0r2 

(2) 

c)Cd+KX  (r,t)  (r,t)  6>2cn+MX 

_ P  „  _j£ _ P  +  D  _ P 

3t  t  Dr2 


For  mathematical  simplicity  the  difussion  coefficients  of  all  species  are 
assumed  to  be  equal  to  D. 

The  homogeneity’s  and  microelectrolysis’s  conditions  can  be  expressed 
by  the  equations  « 

Mn+  :  C^-Kr.O)  ♦  Cn+  (r,0)  *  cjn+  -  C^oo.t)  +  C  (oo,t) 


m“+  :  CKm+(r,0)  +  Co+  (r,0)  a  0  -  0^(00, t)  +  Co+  (0O,t) 

%  “q 
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X  »  C¥(r,0)  +  p  C  (r,0)  »  cj  -  C„(O0,t)  +  p  C  (oo.t)  (3) 

X  n+nx  A  A  nKXp 

where  C^n+  and  C*  are  the  analytical  concentrations  of  Kn+  and  X. 

The  surface  concentration  gradient,  of  the  poaaible  electroactive 


SC^n+U.t) 

p 

3  On*™  (r,t) 
P 

Kt) 

r 

+ 

r*0 

r 

^0  (n-m)FM(t) 

(4) 


which  follows  from  the  requirements  of  Pick’s  and  Faraday’s  laws. 

The  absolute  rate  reaction  theory  applied  to  pattern  (l)  gives  t 


All 


(n-m)FA(t) 


j^C°+MX  (O’t)  £(*)  Cm+^O.t)  Cj"i£(t)1"’<j  (5) 


where  £( t)  -  exp  "  Ej/ijl 

ra tm  rnnH'tjtn'ta  (  cm  S  .  J 


and  k  is  the  standard  hete- 
8 


rogeneous  rate  constants  (  cm  s  ). 

To  solve  the  differential  equations  (2)  the  new  independent  variables 
x  and  y,  according  to  ref.  1,  are  defined. By  using  the  Laplace  transforma¬ 
tion  with  respect  to  y,  the  general  equation  is  obtained  : 


£ 


[i(y)  yu>“1/2  £(y)“  c'J(o,y)  ♦  £(,) 

A  in,  ftc 

P  /  n  V^1 

U-P’aCX(0’y)-l  L  ^ 

xi°.y>[ 

n  J®i 

JA  ♦  ciy;  r3— 

0  1  +Acx(0’y} 

.)  -  (V.,/2)^[t(y)  y=“-  ’] 

(6) 

where  Cl)*  l/4b+2  ,  and  are  the  overall  stability  constants  of  MXp 
and  MX  .  J 

9  ■)  2 

As  pointed  out  by  K.  B.  Oldham  and  N.G.  Elenkova—  T.K.  Nedelcheva  , 

this  equation  involves  all  degrees  of  reversibility  and  may  be  solved  un¬ 
der  different  specific  electrolysis  regimes. 

We  think  the  equation  (6)  is  more  general  than  that  obtained  by  N.G. 

2 

Elenkova —  T.K.  Nedelcheva  because  under  the  conditions  t  a  *  0  ,  =1 

and  J3^  =  0,  the  equation  (6)  becomes  identical  to  that  given  in  ref.  2. 

The  equation  (6)  has  been  applied  to  the  "order  0"  and  "order  2"  elec- 

5  4  5 

trolysis.In  the  latter,  the  "Levich-Guidelli  aproximation"  has  been 

used. The  mean  currents  can  be  easily  obtained  by  applying  the  procedure 
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4 

given  by  R.  Guidelli  . 

At  the  present  we  are  carrying  out  a  similar  study  to  that  of  N.G. 

6  7 

Elenkova —  T.K.  Nedelcheva  ,  with  the  equation  obtained  by  us  in  order 

to  determine  the  mechanism  of  electrode  process  (i,.5,k  .  *  )  and  the  ove- 

s 

rail  stability  constants  of  complex  species. 

REFERENCES 

1.  K.3.  Oldham,  Anal.  Chem.,  41,936  (1969). 

2.  N.G.  Elenkova  and  T.K.  Nedelcheva,  J.  Electroanal.  Chem.,  69,385  (1976). 

3.  V.G.  Levich,  B.I.  Khainin  and  E.D.  Belokolos,  Elektrokhimiya, 1 , 1273 
(1965). 

4.  R.  Guidelli,  J.  Electroanal.  Chem.,  33,291  (1971). 

5.  R.  Guidelli,  J.  Electroanal.  Chem.,  33,303  (1971). 

6.  N.G.  Elenkova  and  T.K.  Nedelcheva,  J.  Electroanal.  Chem.,  69,395  (1976). 

7.  N.G.  Elenkova  and  T.K.  Nedelcheva,  J.  Electroanal.  Chem.,  108,239  (i960). 


05300 


GALVAN OS TATIC  REDUCTION  OP  METAL  COMPLEXES  ON  MERCURY  ELECTRODE  FOR  ANY 
LIGAND  TO  METAL  RELATIONSHIP  VALUE. 

M.  BARR21A,  M.  PEREZ  SANCHEZ,  M.  MARTIN  ARTILES  and  A.  AREVALO. 
Department  of  Physical  Chemistry. Faculty  of  Chemistry. University  of  La 
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From  the  equation  given  by  N.G.  Elenkova  and  T.K.  Nedelcheva1  the 
galvanostatic  reduction  of  metal  complexes  on  a  mercury  electrode  whose 
area  is  expressed  by  A(t)  «  a  t*3  ,  is  analized.The  general  scheme  of  re¬ 
duction  is  : 

MX  +  n  e"  ♦  Hg  (k  ,  <*  ,  E*)  =  M(Hg)  tpX  (l) 

P  3  P 

where  p  =  0  or  p  =  q  when  M(n+)  or  the  complex  MX^  are  respectively  redu¬ 
ced. 


By  using  the  expanded  plane  electrode  model  and  assuming  the  difussion 

coefficients  for  all  the  complex  species  are  equal  and  by  using  the  inde- 

2 

pendent  variables  defined  in  a  previous  paper  of  K.B.  Oldham  ,  the  next 
expression  has  been  obtained(ref .  l)  : 


l 


|i(y)  y°~)/2  £?(y)  C"P(0,y)  +  £(y)J  £  1  +  J5q  C*(0,y)J 


1  + 


Acx(0’y!l 


A  +  £(y)  [ 

-  (1/7)  -  (1/.1/2)^  [i(y)  y2W  '  3  (2) 

where  U)  ■  l/4b+2  ,  J3q  is  the  overall  stability  constants  of  MX^  and  C x 
is  the  free  ligand  concentration. This  equation  involves  all  the  degrees 
of  reversibility  and  may  be  solved  under  the  different  specific  electro¬ 
lysis  regimes. 

The  above  equation  will  be  studied  in  galvanostatic  conditions,  that 
is,  i(y)  do  not  depend  on  y,  this  condition  leads  to  a  simplification  of 
equation  (2) .According  to  the  identity  s  rj 

i./.)  -  ( **)  a  £“>  1-  a  [  - p-^- ,  . 

after  application  of  the  operator,  the  equation  (2)  is  transformed 
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in  the  next  way  s 

[i  KCH  _  y2UJ-l/2 

JJp  ♦  £(y)  P  *  Acxq(0->]  P(2u)+i/2)y  (5) 

If  the  gal vano static  experience  is  carried  out  on  a  HMDE,  the  condi¬ 
tion  b  *  0  and  therefore  A  =  a  and  t*)=  1/2  is  introduced;  by  using  the 

2 

change  of  variables  proposed  by  K.B.  Oldham  and  introducing  the  concept 
of  "transition  time",  the  equation  (3)  can  be  rewritten  like  : 


(-rp/c)l/2 


E  I 

2ksJiPCX(0‘t) 


♦  (t/r  )1/2  exp  [E(t;  -  S;]J  =  1-(t/C)l/2  (4) 

being  :  D  =  difussion  coefficient  ;  £  =  transition  time;  ks  =  standard  he¬ 
terogeneous  rate  constant  ;  0(  =  cathodic  transfer  coefficient  and  E^  = 
standard  potential  of  the  reaction  (l). 

The  equation  (4)  is  of  the  great  generality,  it  is  aplicable  to  all 
reversibility  degrees. Furthermore,  no  simplifying  assumptions  were  made 
concerning  either  the  gtability  of  complex  or  the  initial  concentration 

CM  3114  cx  • 

An  early  test  of  the  validity  of  equation  (4)  is  shown  by  the  possi¬ 
bility  to  reach  from  it,  already  existing  equations  in  the  literature. In¬ 


deed,  by  following  the  terminology  of  R. 
substitutions  : 


Bennes^,  and  by  making  the  next 


the  equation  (4)  is  inmediatly  transformed  to  the  equation  proposed  by  R. 
Bennes  if  it  is  *  which  implies  Cx(0,t)  =  C*  . 

In  the  analysis  of  equation  (4)  it  is  a  fundamental  condition  that 
an  expression  of  C^(0,t)  as  function  of  experimental  variables  and  of 
previously  established  parameters  is  available. With  this  aim,  the  next 
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expression  has  been  obtained  i 


C  (0,t)  =  C*  -  q  cj  Cx(t°°-t--y  [l  -  (t/C)l/2] 


(5) 


which  let  us  to  calculate  by  an  experimental  way  the  value  of  C^(0,t)  at 
any  time,  whenever  in  a  previous  experience  the  free  ligand  bulk  concen¬ 


tration  is  determined. This  a  measurement  would  not  be  necessary  in  the  ca¬ 
se  cf  the  very  stable  complexes,  since  the  next  expression 

cx(o,t)  =  -  q  cj  {2  -  (t/r)n/3 

would  be  hold. 

At  the  present  we  are  carrying  out  an  analysis  of  equation  (4)  which 
let  us  to  obtain  some  experimental  methods  for  determining  the  charge  trans¬ 
fer  mechanism(p,ks> o<),  stability  constants  of  complexes(very  stable)  and 
after  all  the  experimental  verification  of  equation  (4). 
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POLAROGRAPHIC  REDUCTION  OP  METAL  COMPLEXES  TO  A  LOWER  OXIDATION  STATE  FOR 
ANY  VALUE  OP  ANALYTICAL  LIGAND  CONCENTRATION /ANALYTICAL  METAL  ION 
CONCENTRATION. 

M.  BARRERA,  M.  MARTIN  ARTILES,  M.  PEREZ  SANCHEZ  and  A.  AREVALO. 

Department  of  Physical  Chemistry .Faculty  of  Chemistry .University  of  La 
Laguna. Canary  Islands. Spain. 


The  reversible  polarographic  reduction  of  a  type  of  systems  in  which 
a  metal  ion  and  a  series  of  its  complexes  are  in  fast  equilibria  is  stu¬ 
died. The  electrode  process  is  represented  by  : 

n+KXp  +  (n-m)  e"  =  m+MX  +  (p-q)  X  (l) 

The  ratio  C*/C*  can  have  any  values  being  C*  and  C*,  the  analytical  con¬ 
centrations  of  cation  and  ligand. Initially  there  are  neither  M111*  nor  its 
complexes  in  dissolution. 

For  thermodynamical  suitabilities  the  process  can  be  represented  by 
the  scheme  : 

n+MXp  =  M11*  ♦  p  X  {  Mn+  +  (n-m)  e"  =  m“+  j 

if*  *  q  X  =  m+MXq  (2) 

If  the  process  shows  a  reversible  polarographic  behaviour,  the  interface 
concentrations  and  the  electrode  potential  follow  the  Nemst  equation. 
According  the  traditional  methods  of  analysis  for  this  type  of  systems  , 
the  next  equation  is  obtained  : 


5  J3 


Idc 

ld^m-t-  Id„ 


idn  -  i 


(C°)p 

p  v  x' 


»  '  y  ' 

S:4A  (=x>q 

q=  j 

where  :  id^w  =  limiting  difussion  current  for  the  charge  transfer  M*0"*’  + 

=  e  =  «(Hg)  in  a  similar  experimental  conditions  to  those  of  the  sche¬ 
me  (2)}  idr  *  limiting  difussion  current  for  the  previous  reduction  but  in 


ZSZZfCZjCJXJttXX ■ 
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presence  of  the  complexing  agent  X;  ,  Idc  =  limiting  difussion  cu¬ 

rrents  according  the  scheme  (2)  respectively  in  absence  and  presence  of 
ligand;  C°  =  complexing  agent  concentration  in  the  interface. 

In  the  studies  where  the  ligand  X  is  in  a  great  excess  to  the  metal 
ion  ,  that  is,  for  great  values  of  C*/Cj|j  ,  the  value  of  C°  can  be  identi¬ 
fied  with  Cy  and  the  equation  (5)  can  be  rewritten  like  known  equations 

X  1 
of  the  literature. 

However,  in  this  occasion  a  more  general  case  is  treated,  and  th?  C° 
is  expressed  by  : 

c°  =  C*  -  5  cjn+  >  f  (SA-v)  -  (5° Amy  )  1  I  (4) 


(pA-x)  -  (5  )  1 

L  q  J 


where  :  p  =  average  number  of  ligands  in  the  dissolution(refered  to  cation 
O;  5°  =  average  number  of  ligands  in  the  interface  (refered  to  cation 
Km+);  lC^  and  2^  are  the  constants  of  Ilkovic  for  the  ligand  and  the  MXq 
complexes.  ^ 

In  this  way,  the  equation  of  the  I-E  curve  for  the  reduction  according 
to  the  scheme  (2)  for  any  value  of  the  ratio  C*/C *n+  in  a  determined  medium 
and  a  supporting  electrolyte  at  a  suitable  concentration  is  given  by  : 


(n-m)P  , „  ^ 

*XP  ’  RT  "  t“\/\ 

m 

p=h  r 

I  a  °i-*} 


idc  -  i 


Fa 

q=0 


*“jr  c 

[(pAx)  -  (q°AMXq)J  I  j 
[(5Av)  -  (q°AKXq)]  ij 


JJp  and  being  the  overall  and  apparent  stability  constants  of  the  MXp 
and  MX  complexes;  N  and  N  being  respectively  coordination  numbers'  of 
K11*  and  M°+.  P  q 

The  equation  (5)  ia  of  the  general  validity,  since  it  comprises  to  all 

processes  of  reversible  polarographic  reduction  for  the  cases  of  change 

of  oxidation  state  and  for  the  amalgam  formation;  and  it  is  possible  to  ob- 

;  2 

tain  the  various  and  already  known  equations  existing  in  the  literature  *  . 
This  can  be  assumed  like  an  initial  test  of  the  validity  of  the  equation 
(c/;.At  present,  the  experimental  verification  of  (5)  by  methods  deduced 
from  its  algebraical  expression. 
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A  STUDY  ON  THE  REDUCTION  OF  THE  Zn { 1 1 ) -SUCCINATE  COORDINATE 
SYSTEM  ON  MERCURY  ELECTRODE. 

M.  PEREZ  SANCHEZ,  M.  BARRERA,  B.  DOMINGUEZ  and  A.  AREVALO. 
Department  of  Physical  Chemi s t ry . Fac u 1 t y  of  Chemistry. 
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This  communication  presents  a  study  on  the  electrode 
process  of  the  Zn ( II ) -succ inate  coordinate  system  on  mercury 
eiectrcoe.lt  has  been  carried  out  on  basis  of  aata  arising 
fro-  DC  po iarograohic ,  cnronoamperometric  curves  in  the  po¬ 
tential  range  corresponding  to  the  poLarographic  limiting 
current  and  c h ro nope t c n t i ome t r i c  curves. The  polarographic 
curves  nave  been  carried  out  with  a  DME  whose  capillary  cha¬ 
racteristics  were  m  =  0.66  mg/s  and  controlled  drop  time  at 
•:.v  s,  in  a  set  of  dissolutions  varying  the  succinate  concen¬ 
tration  from  0  tc  0.32  M;  the  ionic  strength  was  maintained 
at  1.0  and  the  pH  was  adjusted  at  7.2  to  assure  the  disso¬ 
ciation  of  the  succinate  salt  present  in  each  dissolution 
according  to  the  dissociation  constants  of  succinic  acid 
existing  in  the  literature  . 

Tne  chronoamperometric  recordings  were  made  using  the 
idi ve  capillary  and  also  with  a  Smoler’s  horizontal  capilla¬ 
ry  no  fundamental  differences  were  found  in  both  recordings 
for  tne  studied  succinate  concentrations  (  0.1,  0.2  and  0.3M). 

"ho  enrenoootentiometne  curves  have  been  carried  out 
jr-  a  mMDE  which  area  was  0.032  ct“~  in  a  current  intensity 
'••urge  between  2.|^o  17.0  ^iA. 

The  l,  vs  h  ana  i  vs  C  ,  dependencies  snowed 

1  cor,  1  Zn(II) 

tne  fundamentally  diffusing  character  of  polarographic  limi- 
t  ir g  current  m  the  -1.2  to  -1.5  V  vs  SSCE  potential  range. 

:h:5  potential  range  the  log  i  vs  log  t  relations  arising 
‘re  r  r  re  ns  impel  0"  e  trie  data  showed  tne  mentioned  diffusion 
:.rt  r  -.1  "  n  a  r  i  :  t  e  r  . 

' e  behaviour  cf  vs  1  relations  obtained  from 

C  tc  '•  cdc  t  er.  t  ic-etric  curves  showed  the  constancy  of  the  iC  ' 

.  a.  u es  Char  ic tori  stic  of  the  prices sec  which  are  diffusion 
T.-tr  "•  1 » *j  J  .  A  .  ittle  oeviatior  of  this  behaviour  that  was 
‘  the  1  vor  intensity  currents  i  3.5  to  4.0  uA  )  is 

.  r_t  ,  due  to  tne  charge  of  the  acidic  layer  effects.  At 
t  '  n.jh-.r  sue.  inate  ccn.-i.-n  t  rat  ions  (  >  0.3  M  )  the  obser- 
:  i'-.-navicur  can  be  proo.it  1  y  attributed  to  a  preceding  Ki- 
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retie  complication. 

The  diffusion  coefficients  obtained  from  the  limiting  cu¬ 
rrents  corresponding  to  the  gtud^ed  ^uccinate  concentrations 

are  oetiveen  6.3  to  4.5  «  10  .  cm  s  after  M atsuda’s  version 

-6  2-1  ,  3 

and  between  5.7  to  4.2  x  10  cm  s  after  Koutecky  s  version. 

These  results  are  in  good  agreement  with  those  determined  from 

constant  value  of  i Z  ‘  of  the  cn ronopo t en t iome t r ic  curves. 

In  the  analysis  of  the  polarographic  curves,  the^charac- 
teristic  parameters  of  a  quasi-reversibie  process  (  Ev  ,  E,,^, 

<x  ar.q  k  )  has  been  determined  by  using  the  Ruzic’s  me'thod  ! 
for  the  various  succinate  concentrations. The  calculations 
have  been  carried  out  by  using  an  iterative  fitting  procedure, 
by  means  of  a  FORTRAN  program,  of  the  experimental  data  to 
the  expression  given  by  the  mentioned  author. In  a  further 
FORTRAN  program,  the  (i  -  i  )/i  vs  E  data  from  the  Tomes 
and  from  the  "reversible"  and  "  irreversible"  asymptotes  co- 
rresoondmg  to  them  have  been  determined  for  other  calculations. 


In  order  to  determine 


coordinate  species  Zg(Succ) 

and  tfc 


pi 


specific  characteristics  of  the 
which  are  reduced  on  the  gME , 
’simplified"  Bennes’  method 


the  Matsuda  s  method 
have  been  used . 

In  the  Matsuda’s  method,  the  calculations  of  Lq  functions 
have  been  carried  out  from  the  data  obtained  Dy  the  above  men¬ 
tioned  program  for  the  various  potential  and  succinate  concen¬ 
trations  which  have  been  s tud ied . The, 1 i near  character  of  the 


polynomial  expression  of  i_Q  vs  /succ 
fact  jives  rise  to  the  detection  of 


2-' 


/  has  been  showed. This 
two  electroactive  species 
throughout  the  studied  succinate  concentration  and  potential 
ranges. The  log  M  vs  E  dependencies  let  us  to  determine  direc¬ 
tly  the  o<,  valuis  and  by  meins  of  various  eqs.  contained  in 

Q 

Matsuda  s  work,  the  different  rate  constants  were  calculated. 

These  are  collected  in  Table  I. 

The  method  of  Bennes  maxes  use  of  a  reordered  expression 

from  the  eq.  of  the  "irreversible"  asymptote  to  '"ones  curves. 

The  H  functions  have  been  calculated  r ron  the  (ii/(:  -  i  ) 

data  for  the  studied  potential  and  succinate  concentrator 

ranges,  by  means  cf  the  above  mentioned  FORTRAN  program  and 

from  tie  F  values  at  the  di'ferent  succinate  concentrations 
u  ,  7 

which  were  calculated  by  u^ng  the  Be  1  ord  s  method  .The 

fitting  cf  the  F  vs  /succ  /  curves  nave  rise  to  a  second 

order  polynomial  expression;  its  coefficients  were  =28.1 

*1.4  ,  jBo  *37.  t  21 .3  and  7  1.3.3  too.  2  ^  ' 


likewise  that  in  the  Matsuda  s  method,  the  fitting  of  th< 
s  -  s  nor  '  /  dependent  ies  showed  *r»e  *.*  <  *  st  or>;e  cf  the  two 
Lrov.  tivn  soc'Cier-  which  were  uireid,  mentioned.  The  poten- 
Itk.er.jert  cooff  :cie*.t5  .1  in  the  rcl  .neni  il  expression 
■■.ere  fitted  t  :>  a  -i  t  r  ;  i  q  h  t  1  i  r  e  .  :  .  ;  7  vs  E  )  and  f  rom 
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its  slope  the  o(  values  were  directly  determined . In  further 
calculations,  thi  various  rate  constants  were  calculated  from 
the  intercept  data. These  rate  constants  were  summarized  in 
Table  I . 

The  observed  differences  in  some  of  the  results  obtained 
by  both  methods  arise  probably  from  the  different  data  sour¬ 
ces  of  the  (i  -  i)/i  expression,  viz  ,  data  from  Tomes  curves 
in  the  Matsuda’s  method  and  data  from  "irreversible"  asympto¬ 
te  to  the  Tomes  curves  in  the  "simplified"  Bennes’ method . 

Table  I _ _ _ _ _ _  _ 


Method 

% 

°<1 

0 

!°g  kQ 

log  k° 

,  0,  0 
log  kf 

,  1  0 
log  kf 

Matsuda 

0.33 

0.55 

-2.36 

-2 . 38 

-15.34 

-21 .81 

Bennes 

0.38 

0.57 

-2.44 

-2.40 

-15.35 

-22.45 

The  following  scheme  satisfies  the  found  characteristics 
of  the  studied  electrode  process. 


2 

Zn(II)  «.=■*  ZnSucc  Zn(Succ)^ 

Jf2e*,  lc* 

Z  n  ;  H  g  )  Z  n  (  1 1 ) 


Zn ( Succ  ) 


4- 

3 
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VOLTAMMETRIC  STUDY  OF  ANODIC  ADSORPTION  PHENOMENA  ON  GRAPHITE 
IN  CRYOLITE  MELTS  WITH  VARYING  ALUMINA  CONCENTRATION. 

S.  JAREK  and  J.  THONSTAD 
Laboratories  of  Industrial  Electrochemistry, 
University  of  Trondheim,  The  Norwegian  Institute  of  Technology 
7034  Trondhe  im-NTH ,  Norway 


Voltammetry  measurements  carried  out  at  very  high  sweep  rates 
(>  5  V/s)  on  graphite  electrodes  in  cryolite-alumina  melts 
( Na .  A 1  f  -A  1 _ 0 . )  show  the  existence  of  a  peak  prior  to  CO. 
evolution.  Frazer  and  Welch  attributed  this  peak  to  CO 
formation,  suggesting  a^surface  coverage  close  to  a  monolayer, 
while  Damianacos  et  al.  ascribed  it  to  either  oxidation  of  a 
species  of  dissolved  metal  or  a  parasitic  effect  of  the  boron 
nitride  crucible. 


In  order  to  elucidate  this  problem  voltammetry  studies  were 
performed  on  graphite  in  cryolite  with  alumina  contents  ranging 
from  0.25  wt?;  to  saturation  (14  xt5)  at  1020°C.  The  sweep  rate 
was  varied  in  the  range  1  V/s  -  1000  v/s  and  potentials  0.7V  - 
1.7V  vs.  an  aluminium  reference  electrode. 

No  peak  was  visible  in  pure  cryolite  within  the  investigated 
potential  range.  Addition  of  alumina  led  to  a  peak  preceding 
that  of  C0_  formation.  The  potential  of  the  peak  was  around 
1.03V  at  5V/'s  which  agrees  very  well  with  the  reversible 
thermodynamic  potential  for  CO  formation, 

1ai2o5  +  c  r  Iai  +  CO 

A  gradual  increase  of  the  anodic  potential  span  frn  the 
potential  of  zero  current  was  accompanied  by  an  increase  in 
cathodic  current  during  the  reverse  scan.  When  the  anodic 
potential  approached  the  value  of  the  first  peak  a  reduction 
peak  was  observed  in  the  cathodic  region  as  shown  in  Fig.  1. 
The  process  was  not  reversible.  The  peak  potential  and  the 
separation  between  the  anodic  and  cathodic  peaks  increased 
signifies ntly  with  sweep  rate  as  illustrated  in  Fig.  2. 


Apparently  a  c a r bo n - o x y gen  surface  complex  (C  0)  is  formed 
luring  oxidation  of  the  surface,  and  it  is  being* reduced  again 
during  the  reverse  scan.  The  C  0  complex  is  readily  reduced 
since  the  ratio  of  anodic  to  cathodic  peak  currents  was  not  far 
from  unity.  The  anodic  peak  was  hardly  affected  when  the 
reverse  scan  was  extended  to  a  potential  0.5V  below  that  of 
zero  current  . 
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The  ratio  of  charges  of  the  anodic  and  cathodic  regions  of  the 
v o  1 1 ammogr ams  at  high  sweep  rates  (>  100  V/s)  was  not  far  above 
unity,  which  implies  that  the  oxidized  species  involved  in  the 
process  largely  remained  on  the  electrode  surface.  In  that 
case  the  attainment  of  surface  coverage^  is  responsible  for  the 
peak,  and  the  charge  should  be  constant  .  It  was  observed  that 
the  calculated  charge  values  decreased  with  increasing  sweep 
rate  and  approached  a  constant  level  at  sweep  rates  above 
50  V/s.  At  lower  sweep  rates  the  cathodic  charge  was  smaller 
than  the  anodic,  which  suggests  that  a  part  of  the  complex  had 
been  transformed  to  CO  and  escaped  from  the  electrode  surface. 
The  surface  coverage  appeared  to  be  of  the  order  of  a  monolayer 
when  assuming  that  two  electrons  were  involved  in  the  charge 
transfer  step. 

The  effect  of  alumina  is  demonstrated  in  fig.  5.  The  dashed 
area  contains  rather  scattered  results  for  alumina 
concentrations  within  the  range  from  1$  to  5%.  The  upper  limit 
of  this  area  is  set  by  peak  current  values  found  for  5£ 
A 1 0  ^  .  A  t  alumina  concentrations  above  5%  the  peak  was  not 
detectable  due  to  a  very  fast  rise  of  current  associated  with 
the  formation  of  C0_.  The  influence  of  the  alumina 

concentrai  on  on  the  current  of  the  peak  is  not  wei.  defined. 
This  behaviour  could  be  explained  in  terms  of  already  e  a.  .  _  _  .  . ^ 
stable  adsorption  of  oxygen-containing  species  at  the  anode 
surface. 
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A  FARADAIC  IMPEDANCE  STUDY  OF  THE  CATALYTIC  EFFECT  OF  THIOUREA  ON  THE 
ELECTROCHEMICAL  REDUCTION  OF  Cd(II)  IONS  FROM  1  M  KF  SOLUTIONS  AT  THE  D.M.E. 

R.M.  Souto*,  M.  S luyters-Rehbach  and  J.H.  Sluyters 
Van  't  Hoff  Laboratory,  State  University,  Utrecht,  The  Netherlands. 


It  is  well  known  that  electrode  reactions  are  influenced  by  the  structure 
of  the  electrical  double  layer  and  by  the  presence  of  substances  that  are 
adsorbed  at  the  e lect rode/ so lut ion  interface.  A  part  from  the  so-called  non¬ 
specific  electrostatic  effect  (the  Frumkin  effect),  frequently  specific 
effects  have  been  observed,  e.g.  cataLysis  of  the  reduction  of  the  heavy 
metal  ions  bv  specifically  adsorbed  halide  and  thiocyanate  anions  1-‘*. 

The  adsorption  of  thiourea  (Tu)  is  comparable  to  the  adsorption  of  these 
ions  in  many  aspects  and  appears  to  enhance  the  reduction  rate  of  metal  ions 
in  a  similar  way'-  .  In  this  work  a  study  has  been  made  of  the  influence  of 
t ;;t  presence^of  thiourea  on  the  rate  and  the  mechanism  of  the  reaction 
Cd(II)  ♦  2e  -  Cd(Hg)  in  I  M  KF  solution.  It  has  been  concluded  that  in  the 
pure  KF  solution  this  reaction  proceeds  via  a  three-step  mechanism,  consist¬ 
ing  of  a  chemical  reaction  followed  by  two  electrontransf er  steps  (CEE)s-q: 


0*0'  [ R  ] 

c 

u'  +  e  *  Y  [R  ]  (1) 

Y  -  e  -  R  [R,] 

This  conclusion  was  based  on  the  potential  dependence  of  the  forward  rate 
constant  K*,  that  is  mathematically  expressed  by 
,  ,  exp( }  i(  1)  exp ( $  ( 1  +  i,)  f) 


<2r/RT)  ( E-E°) 


(3) 


In  the  presence  of  thiourea  it  is  found  that  eqn  (2)  remains  valid,  as 
toliows  : rom  Fig.  I  where  in  Kf  is  plotted  vs  potential,  at  constant  amount 
•>f  acsorbed  Tu.  It  turns  out  that  at  any  potential  a  remarkable  relation¬ 
ship  exists  between  K.  and  the  surface  excess  T_  : 

lu 

K£.(E)  =  Kf°(E)  (  1  +  A  rTu)  (4) 

•  v.\:  c!.  K,.  (E)  is  the  rate  constant  measured  in  the  absence  of  Tu,  and  the 

pr, -pert ional tty  constant  A  is  independent  of  potential.  This  result  means 
that  '•<.  three  terms  in  eqn.  (!)  all  are  affected  by  Tu  in  the  same  way, 
i . v •  •  a  t  f  t  nem  is  proportional  to  ( !  ♦  A  rT  )"’ .  The  magnitude  of  the 
<  t  :  t  . Tar  bevonj  the  non-specific  rtumki::  effect,  since  the  potential 
a  t  hi-  Outer  He.mnoltt  1’hne  varies  only  slightly  going  from.  0  to  10  m.M  Tu. 

.  •  ’•  -  .  1  >  ’  h.  i  i  or  the  tret  r  *tu  constants.  Also  complex  format  tot: 

'  '  •>  '  a  I  .  >  an;  In  i  •  t  he  so  1  t;  i.  is  of  minor  or  no  import  i".^i  . 


University  of  i.a  vm a. 


05341 


The  results  summarized  here  strongly  suggest  that  there  is  a  fast 
equilibrium  between  the  adsorbed  Tu  and  the  Cd(II),  preceding  the  first 
step  Rc  in  the  mechanism  (1).  This  can  be  considered  as  a  special  type 
of  the  so-called  bridging  model1*10  11. 
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Fi.;.1.  Plot  of  In  k^.  vs.  potential  for  the  Cd ( II)  reduction  at  several 
surface  excesses  of  thiourea  (x10-1-  mol  cra-^) . 
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Impedance  measurements  of  zinc  and  amalgamated  zinc  in  alkaline  electrolyte 

W.  Visscher,  J.  Hendrik.!  and  E.  Barendrecht 

Laboratory  for  Electrochemistry,  Department  of  Chemistry 
Eindhoven  University  of  Technology 
P.O.  Box  513,  5600  MB  Eindhoven,  The  Netherlands. 

The  behaviour  of  zinc  and  amalgamated  zinc  electrodes  was  investigated  with 
the  impedance  technique  in  alkaline  zincate  solutions  with  concentrations 
ranging  from  1.5  to  10  M  KOH  and  0.01  to  0.1  M  ZnO.  There  is  a  striking  diffe¬ 
rence  between  Zn  and  amalgamated  Zn: 

The  impedance  spectrum  of  an  amalgamated  zinc  electrode  at  its  rest  potential 

in  7  H  KOH  ♦  0.1  M  ZnO  is  shown  in  Pig.  la  for  a  quiescent  solution  and  in 

Pig.  lb  a  rotation  frequency  of  2000  rpm.  Diagram  a  is  tv’lcal  for  a  simple 

charge  transfer  and  diffusion  controlled  reaction.  Prom  the  plot  t  liV  J it 

current  density  (i  ),  the  capacity  of  the  double  layer  and  the  diffusion 
o 

coefficient  (D)  of  zincate  can  be  calculated;  this  gave:  i  =  16  -  25  mA 

—  2  —62—1  ^ 
cm  ,  D  =  2.4  10  cm  s  .  D  was  found  to  increase  with  decreasing 

KOH  concentration.  The  amalgamated  electrodes  were  made  from  proprietary  zinc 

containing  mercury  and  from  zinc,  amalgamated  with  HgCl.,.  All  electrodes 

gave  the  same  results. 

The  diagram  of  the  rotated  electrode  (Fig.  lb)  can  likewise  be  described  with 
the  Bandies  circuit,  in  which  now  the  Warburg  impedance  is  corrected  for  con¬ 
vective  transport. 

The  behaviour  of  a  pure  zinc  electrode  at  its  rest  potential  is  given  in  Fig. 
2a  in  quiescent  solution  and  in  Fig.  2b  at  the  rotation  frequency  of  2000  rpm. 
The  different  impedance  spectrum  of  zinc  indicates  that  at  zinc,  surface  pro¬ 
cesses  play  a  more  important  role.  The  plots  can  adequately  be  described  with 
a  circuitry  in  which  surface  adsorption,  surface  diffusion  and  lattice  forma¬ 
tion  are  included.  Calculation  of  the  kinetic  parameters  from  this  diagram 

-2  . 

gives  i  20  -  75  mA  cm  in  7  M  KOH  +  0.1  M  ZnO.  The  i  -values  obtained 
o  o 

w:th  the  impedance  technique  are  in  agreement  with  the  i  -data  measured  with 

o 

the  gal  variostat ic  pulse  method  (1),  both  at  Zn  and  Zn(Hg)  electrodes. 

T:.e  i  pedance  spectrum  with  imposed  d.c.  current  results  for  the  amalgamated 
ei'Ctiode  in  similar  diagrams  as  in  Pig.  1.  At  the  zinc  electrode  the  impe¬ 
dance  s  pec  t  run.  is  drastically  changed:  Pig.  1  shows  that  now  an  inductive  and 
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an  additional  capacitive  loop  are  observed,  indicating  the  presence  of  two 
intermediates  zinc  species  at  the  electrode  surface. 

The  impedance  of  Teflon-bonded  zinc-oxide  electrodes  was  investigated  in  a 
niche lozide-zinc  cell  (2);  Pig.  4  gives  the  impedance  spectrum  for  an  unchar¬ 
ged  zinc-oxide  electrode  and  at  various  states  of  charge.  Measurement  of  the 
impedance  was  carried  out  as  a  function  of  the  cycle  number  in  the  charged  and 
discharged  state  for  cells  containing  respectively  zinc-oxide  electrodes  with 
and  without  PbO  or  HgO  additives.  Though  shape  change  occurred,  it  was  not 
possible  to  detect  the  onset  of  shape  change  from  the  impedance  data. 

(1)  J.  Hendritx,  A.  van  der  Putten,  W.  Visscher  and  g.  Barendrecht,  Electro- 
chim.  Acta  29  (1984)  81. 

(2)  J.  Hendrik.1,  Thesi'  S'  idhoven,  1984. 


Legends  to  the  figures 

Pig.  1  Measured  impedance  plot  (•)  of  Zn( Kg ) -electrode  in  7  M  K0H/0.1  M  ZnO 
at  the  rest  potential  (E^  -  -1.382  V  vs.  Hg/HgO) ;  a:  at  0  rpm,  b:  at 

2000  rpm.  Simulated  impedance  plot  (  -  >.  Frequency  range:  0.01  Hz 

to  65  kHz  (multiplication  factor:  2). 

Pig.  2  Measured  impedance  spectrum  of  the  zinc  electrode  in  7  H  K0H/0.1  M  ZnO 

(•);  a:  at  0  rpm;  b:  at  2000  rpm.  Simulated  impedance  plot  (  -  ); 

numbers  indicate  frequency. 

Fig.  3  Impedance  spectra  of  a  zinc  electrode  in  7  M  K0H/0.1  M  ZnO  at  2000  rpm 

-2 

with  anodic  cd  «  35  mA  cm  ;  numbers  indicate  frequency. 

Fig.  4  Effect  of  the  1st  discharge  on  the  Impedance  spectrum  of  the  zinc 
electrode . 

□  uncharged  (SOC  0%)  start  frequency  1  kHz 


♦  0.015  Ah  (SOC  31) 


4  Hz 


o  0.075  Ah  (SOC  14%) 


0.01  Hz 


•  0.50  Ah  (SOC  1001) 


0.01  Hz 
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In  practical  fuel  cell  electrodes,  suitable  catalysts  are  dispersed  on  carbon, 
mixed  with  a  binder  and  pressed  onto  a  metal  screen.  These  gas  diffusion  elec¬ 
trodes  are  not  very  well  suited  for  kinetic  research  since  their  voltammetric 
behaviour  is  determined  not  only  by  the  electrocatalytic  but  also  by  the 
microgeometric  properties  of  the  carbon,  determining  the  transport  of  reac¬ 
tants  to  the  electrode.  Moreover  no  information  about  the  selectivity  can  be 
obtained.  These  problems  can  be  solved  using  more  sophisticated  hydrodynamic 
methods  such  as  the  REDE.  In  order  to  study  carbon  supported  catalysts  a  RRDE 
was  constructed  via  incorporation  of  the  carbon  particles  into  a  polypyrrole 
film.  This  polymer  is  conducting  and  very  porous  enabling  the  transport  of 

both  electrons  and  oxygen  to  the  catalyst.  The  experimental  conditions  for  the 

2 

electrode  preparation  are  given  in  fig.  1.  On  top  of  a  Pt-Au-RRDE  (0.5  cm  , 

N  0.27)  a  EEL  P  hood  was  placed.  The  cilindrical  hole  in  this  hood  was 
filled  with  500  ul  of  carbon  suspension  (0.5  mg  Norit  BRX/ml).  As  electro¬ 
lyte  a  0.1  M  LiClO^  solution  in  CH^CN  was  used,  containing  0.5  vol  X  pyr¬ 
role.  The  suspension  had  been  agitated  in  an  ultrasonic  bath  for  5  minutes. 

A  Pt  counter  electrode  was  placed  in  the  convex  smniscus.  When  the  current  is 
switched  on  (1  mA  during  10  minutes)  polymer  chains  will  start  to  grow  from 
the  surface  due  to  the  oxidation  of  the  pyrrole.  At  the  same  time  the  carbon 
particles  coagulate  and  precipitate  on  the  Au  disc.  The  result  of  these  pro¬ 
cesses  is  a  three-dimensional  network  which  attaches  the  carbon  to  the  disc. 

A  study  of  the  hydrodynamic  behaviour  in  0.05  M  K  Pe(CM)  solution  showed 

-I  6 

that  it  is  undisturbed  up  to  a  frequency  of  16  s  .  At  higher  frequencies 
the  disc  current  deviates  in  the  positive  direction  due  to  the  surface  rough¬ 
ness  . 

With  this  new  preparation  method,  0^  reduction  was  studied  in  1  N  H^SO^ 

(0?  saturated)  at  4  different  systems  (fig.  2):  Norit  BRX  and  Norit  BRX 
impregnated  with  20  weight  X  metalfree-,  cobalt-  and  ironphthalocyanine 
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(HjPc,  CoPc  and  PePc).  All  currents  war*  corrected  for  th*  high  capacitive 
background  current  of  the  PP.  At  th*  platinized  ring  the  hydrogen  peroxide 
production  was  monitored.  Similar  to  the  results  at  gas  diffusion  elec¬ 
trodes1,  both  CoPc  and  PePc  significantly  increase  the  activity:  CoPc/BRX 
reduces  oxygen  to  H^O^;  PePc/BRX  the  reduction  proceeds  partly  to 
H^O.  Compared  to  the  results  of  vacuum  deposited  CoPc  and  PePc  films,  the 
activity  is  surprisingly  high.  At  a  PePc  film  of  2000  t  the  reduction  in  1  N 

H  SO  starts  at  only  0.2  V  vs.  SHE.  Th*  reason  for  this  improvement  is  a 
2  4 

vast  increment  in  the  number  of  available  active  sites.  It  appears  that  in 
vacuum  deposited  films  only  a  very  small  fraction  of  the  material  present  is 
electrochemically  active. 

Also  the  effect  of  pyrolysis  was  studied:  the  carbon  supported  catalysts 

were  heated  in  for  4  hours  at  temperatures  between  400  and  1200*C.  Th* 

results  (figs.  3  and  4)  indicate  that  th*  activity  of  CoPc/BKX  is  increased 

due  to  the  neat  treatment  up  to  600*C.  This  increase  is  accompanied  by  a  lower 

production.  The  activity  of  PePc/BHl  hardly  changes  up  to  600*C.  At 

higher  temperatures  the  catalyst  is  destroyed.  The  activity  of  H^Pc  could 

not  be  increased,  not  even  at  very  high  temperatures.  This  is  in  contrast  with 

2 

results  of  Wiesener  et  al.  obtained  with  H^TAA  under  sosMwhat  different 
pyrolysis  conditions.  Our  results  indicate  that  the  metal-ion  remains  th* 
active  center,  not  only  at  room  temperature  but  also  after  pyrolysis. 
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The  electrochemical  cell  Fig.  2:  02”reduct ion  on  Norlt  BRX  And  Norit  BRX 

impregnated  with  20%  «2Pc,  CoPc  and 
FePc  respectively. 
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Introduction 

By  adding  teflon  to  the  cadmium  active  mass  and  subsequent 
rolling  this  mixture  in  a  current  collector  the  so-called  plastic 
bonded  Cd  electrodes  can,  if  compared  to  the  conventional  pocket 
electrodes  or  sinter  electrodes,  be  easily  produced"'.  Unfortunate¬ 
ly,  these  plastic  bonded  Cd  electrodes  that  have  stood  the  test  in 
the  unsealed  Li-Cd  accumulator  can  not  be  used  in  sealed  ITi-Cd 
systems,  unless  special  measures  are  taken,  since  the  oxygen  re¬ 
duction  rate  is  greatly  reduced.  This  behaviour  is  thought  to  be 
caused  by  a  lack  of  reaction  area  stimulating  oxygen  reduction 
which,  is  formed  by  the  metallic  components  in  the  case  of  the 
pocket  and  sinter  electrodes. 

The  aim  of  our  work  was,  therefore,  to  increr.se  the  oxygen  re¬ 
duction  rate  by  modifying  the  electrode  in  order  to  enable  plastic 
bonded  Cd  electrodes  to  be  used  in  sealed  !7i-Cd  accumulators. 

measuring  method 

models  of  2  Ah  ITi-Cd  cells  were  investigated  which  consisted 
of  two  plastic  bonded  Cd  electrodes  and  a  pocket  nickel  electrode 
between  them.  The  internal  pressure  of  these  cells  without  free 
electrolyte  could  be  continually  recorded.  Its  course  during 
overcharging  and  the  following  pause  is  shown  in  Pig.  1 . 

P  Pig.  1  :  Internal  cell  pressure  (p) 

as  function  of  the  time 
during  the  overloading 

R --  -  _  ■  '  phase  (I  0)  and  the 

A  s'  \  following  pause  (1=0) 


1  >0 


m 

i 


05371 


At  P«Pgt  a  stationary  state  is  attained  which  is  characterized 
by  the  equality  of  the  rate  of  oxygen  formation  at  the  positive 
electrode  (v£  ■  dnQ  /dt)  and  the  rate  of  oxygen  reduction  at 

the  negative  electrode  (v^  =  -dn^  ! 


As  the  rate  of  oxygen  formation  during  the  overloading  phase 
is  given  by  the  charging  current  (I)  according  to  FARADAY’S  law: 


vn  =  I/(z-F}  (2) 

°2 


the  oxygen  reduction  rate  at  the  pressure  p3^.  can  be  obtained 
using  equation  (1).  As  shown  by  the  following  figures  the  func¬ 
tion  v£2  a  f(p)  may  be  obtained  by  measurements  at  different  I. 


Results  and  discussion 

It  was  tried  to  create  a  sufficently  large  "reaction  area"  for 
oxygen  by  attaching  secondary  electrodes  onto  the  Cd  electrode 
and  by  modification  of  the  active  mass.  The  results  are  shown  in 


^  2  <3  4  Po2j<itm 

Fig.  2:  Oxygen  reduction  rate  (v*!  )  of  different  plastic  bonded 
Cd  electrodes  and  the  2  pocket  cadmium* electrode  as 
function  of  the  pressure  (p) 

•’-3  may  be  seen  from  Fig.  2,  the  forcing  cn  of  metal  nets  (here 
a  nickel  r.et),  the  rolling  on  of  hydrophob  layers  of  active 
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carbon  and  the  Fi  (OH),  activation  of  the  cadmium  mass  (1  steps 
addition  of  HiSO^,  2  step:  addition  of  RaOH)  have  proved  to  be 
hopeful. 

Oxygen  reduction  is  a  electrochemical  process  according  to: 

02  +  2  HjO  +  4e"  4  OH"  (3) 

which  is  said  to  be  diffusion-controlled^’^’^,  i.  e.,  according 
to  PICK’S  first  law  and  HEFRY's  law  it  holds: 

v?!  a  D  •  I*.  •  p  *  A/  D:  diffusion  constant 
2  L^:  solubility  coefficient 

a:  reaction  area 
:  diffusion  layer  thickness 

According  to  this  equation  v^  /p  should  be  constant.  Deviations 
from  this  relation  which  occurel  in  the  experiments  are  obviously 
to  be  attributed  to  a  change  in  the  electrolyt  distribution  in 
the  starved  Fi-Cd  system  that  results  in  a  change  of  the 
reaction  area  A  of  the  Cd  electrode  in  dependence  of  the  pressure. 
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Introduction 


The  analysis  of  kinetic  data  obtained  in  aqueous  electrolytes 
is  usually  confined  to  a  fairly  small  temperature  range  of  about 
80  K.  This  puts  a  severe  limitation  on  any  conclusion  since  the 
temperature  change  is  usually  only  30%  with  respect  to  the 
absolute  temperature  scale.  Recently  it  has  been  shown  /1-3/  that 
the  electrochemistry  of  platinum  electrodes  takes  place  in  frozen 
aqueous  solutions  in  as  much  the  same  way  as  it  does  in  liquid 
electrolytes.  So  far  measurements  could  be  performed  down  to 
appr.  140  K.  This  opens  up  new  possibilities  to  investigate 
electrochemical  kinetics  in  a  wide  range  of  temperatures. 

In  contrast  to  hydrogen  evolution  at  platinum  electrodes,  at 
copper  and  silver  electrodes  this  reaction  is  supposed  to  be  charge 
transfer  controlled  /4/.  This  makes  these  systems  especially 
attractive  for  studying  the  influence  of  temperature  on  kinetic 
parameter  such  as  transfer  coeffiecient  and  activation  energy. 

Resul ts 


Experiments  were  carried  out  in  aqueous  perchloric  acid  of 
the  composition  HCIO4  *5.5H70.  This  electrolyte  is  a  one  phase 
system  in  the  liquid  as  well  as  the  frozen  state;  the  freezing 
point  is  at  228  K.  Fig.l  shows  cyclic  v  o  1 1  ammog  r  ams  of  silver  for 
typical  temperatures;  at  room  temperature,  at  temperatures  close 
to  the  freezing  point  of  the  electrolyte  in  the  liquid  state  and 
the  frozen  state,  and  at  a  low  temperature.  The  anodic  reaction 
is  silver  dissolution  while  the  cathodic  one  is  hydrogen 
evolution.  The  principal  shape  of  the  cyclic  vo 1 tammog rams  in  the 
frozen  electrolyte  is  the  same  as  in  the  liquid  electrolyte;  the 
overpotentia 1 ,  however,  is  higher  at  lower  temperatures. 

A  critical  point  in  passing  the  freezing  point  of  the 
electrolyte  is  the  quality  of  the  electrode/electrolyte  contact. 
Measurements  of  hydrogen  adsorption  on  platinum  showed  that  the 
area  is  maintained  upon  freezing.  In  the  case  of  copper  and 
silver  capacity  measurements  were  performed.  Minima  of  the 
obtained  capac i ty-poten t i a  1  curves  were  plotted  as  a  function 
of  temperature.  The  result  is  shown  in  Fig. 2.  A  continous 
straight  line  is  obtained  for  both,  copper  and  silver,  with  no 
break  at  the  freezing  point  of  the  electrolyte.  This  clearly 
demonstrates  that  the  double  layer  remains  intact  also  in  the 
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frozen  electrolyte. 

Current-potential  curves  for  the  hydrogen  evolution  reaction 
were  obtained  from  cyclic  voltammetry  curves  (sweep  rate  5  mV/s)  in 
the  temperature  range  138  to  300  K.  Corrections  were  made  for  the 
ohmic  drop;  ohmic  resistances  were  determined  from  galvanostatic 
pulse  measurements.  In  the  whole  temperature  range  straight  lines 
were  obtained  in  1 n |  i|  vs.  U  plots.  The  slope  is  hardly  affected 
by  the  temperature  except  for  very  low  temperatures  where  it 
gradually  decreases.  This  kind  of  behavior  it  true  for  copper  as 
well  as  silver.  In  Fig. 3  the  Tafel  plots  of  the  results  at  copper 
electrodes  are  shown.  The  overpotent ial  for  the  hydrogen 
evolution  gradually  increases  with  decreasing  temperature.  Just 
below  the  freezing  point  the  current  is  higher  than  at  a 
temperature  slightly  above  freezing.  This  can  be  seen  from  Fig. 3 
by  comparing  the  results  for  T  =  231  K  (liquid)  and  T  =  214  K 
(frozen).  A  similar  behavior  has  been  found  for  the  exchange 
current  density  of  the  redox  reaction  Fe  (I  I) /Fe(1 1 1)  /5/. 

Discussion 

Under  the  common  assumption  that  the  transfer  coeffient  in  the 
But  1  er-vo lmer  equation  is  fairly  insensitive  to  temperature,  the 
Tafel  slope  should  be  temperature  dependent  according  to  /6/ 

b  =  RT/  a  zF  (1) 


The  results  in  Fig. 3  suggest  however,  that  a  is  strongly 
temperature  dependent.  This  effect  is  even  more  pronounced  at  low 
temperatures.  Transfer  coefficients  were  calculated  from  the 
slopes  in  Fig. 3  using  Eq.(l).  The  result  is  plotted  versus  the 
temperature  in  Fig. 4  for  copper  and  silver  electrodes.  If  the 
transfer  coefficient  is  considered  to  be  composed  of  two 
contributions  /6/ 


wi  th 


a  = 

0A  H4*' 

3  U  ’j 


qH 


°S 

and 


QS  = 


l.OAS* 

f  au 


(2) 


A  temperature  dependent  transfer  coefficient  suggests  a  major 
influence  from  the  potential  dependence  of  the  entropy  of  the 
activated  complex.  Extrapolation  from  higher  temperatures  to  T=0 
yields  an  almost  neglible  .  At  lower  temperatures  the 

temperature  influence  on  a  is  obviously  even  stronger. 


It  seems  too  early  to  draw  general  conclusions  from  these 
results.  It  seems  however,  that  some  doubts  are  cast  on  the  usual 
picture  that  in  a  charge  transfer  controlled  reaction  the 
potential  influence  is  due  to  a  change  of  activation  energy  with 
potential.  An  influence  of  the  potential  on  the  conformation  of 
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Fig. I  Cyclic  vol tammograms  of  Ag  electrodes  at  various  temperatures 
Fig. 2  Capacity  of  Cu  and  Ag  electrodes  as  a  function  of  temperature 


Fig. 3  Tafel  plots  for  the  hydrogen  evolution  on  Cu 
Fig. 4  Transfer  coefficient  as  a  function  of  temperature 
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Introduction 

It  has  been  shown  recently  /!/  that  typical  reactions  at 
platinum  electrodes  which  are  observed  at  room  temperature  such  as 
hydrogen  adsorption,  oxide  formation,  hydrogen  and  oxygen  evolu¬ 
tion  and  double  layer  charging  can  be  measured  as  well  in  frozen 
electrolytes.  This  enables  the  study  of  electrochemical  behavior 
in  a  wide  range  of  temperature.  Here,  results  for  the  hydrogen 
evolution  reaction  at  platinum  together  with  the  general  electro¬ 
chemical  behavior  using  HC104*5.5H20  will  be  presented. 

Pesul ts 


In  Fig.l  cyclic  vol tammograms  of  platinum  in  HC104*5.5H20  are 
shown,  Fig. la  in  the  liquid  and  Fig. lb  in  the  frozen  electrolyte. 
Except  for  temperature  related  shifts,  all  typical  reactions  at 
platinum  can  be  observed.  A  critical  aspect  is  the  quality  of  the 
electrode-electrolyte  contact.  In  order  to  verify  this,  the  hydro¬ 
gen  desorption  charge  was  determined  at  various  temperatures.  A 
plot  of  the  charge.  Odes'  versus  the  temperature  (Fig. 2)  shows  no 
break  at  the  freezing  point  of  the  electrolyte.  This  indicates 
that  the  contact  with  the  double  layer  remains  intact  upon  free¬ 
zing. 

The  hydrogen  evolution  reaction  was  measured  using  potentio- 
dynamic  sweeps.  At  low  over po tent i al s  the  current  for  hydrogen 
adsorption  is  superimposed,  while  at  higher  current  densities 
effects  from  the  ohmic  resistance  became  noticable.  The  adsorption 
was  corrected  on  the  basis  of  the  knowledge  of  the  adsorption 
charge  and  the  sweep  rate.  The  ohmic  drop  correction  was  done 
using  results  from  galvanostat  ic  pulse  measurements.  The  current- 
potential  curves  obtained  after  these  corrections  are  shown  as 
T  j  f  o 1  plots  in  Fig. 3  for  the  liquid  and  the  frozen  electrolyte. 
Straight  lines  are  obtained  with  a  slope  increasing  with 
temperature.  At  low  temperatures  and  high  over  po  ter,  t  i  al  s  a  marked 
deviation  from  that  behavior  can  be  observed. 

Discussion 

For  the  hydrogen  evolution  at  platinum  generally  a  transfer 
coefficient  of  two  is  observed  which  is  found  as  well  in  this 
study.  The  transfer  coefficient  does  not  seem  to  be  markedly 
u.penJent  on  temperature.  While  several  authors  make  a  rate 
determining  Tafel  reaction,  i.e.  the  recombination  of  atomic 
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hydrogen  to  molecular  hydrogen,  responsible  for  the  transfer 
coefficient  of  two,  Yeager  et.al./  /  found  from  rotating  disk 
electrode  experiments  that  a  combined  recombination-diffusion 
control  of  the  molecular  hydrogen  is  rate  determining. 

If  the  recombination  reaction  alone  is  made  responsible  than 
at  high  overpotentials  a  limiting  current  should  be  observed.  The 
deviation  from  limearity  observed  at  lower  temperature  may  be  an 
indication  for  such  an  effect.  More  experimental  evidence, 
however,  is  necessary  before  the  finding  of  such  an  effect  would 
be  claimed. 
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Fig.l  Cyclic  vol tammog rams  of  Pt-electrodes  in  the  liquid  (a)  and 
the  frozen  electrolyte 
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i-ig.2  Hydrogen  desorption  charge  as  a  function  of  temperature 
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Fig. 2  Tafel-plots  for  the  hydrogen  evolution  reaction  at 
Pt-electrodes 

(a)  liquid  electrolyte  (b)  frozen  electrolyte 
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When  an  anodic  current  density  goes  through  a  NaN03 
aqueous  solution,  using  an  Ir  sheet  of  0,5  cm^  apparent  area 
as  anode,  the  acidification  of  the  solution  was  as  promoted. 
This  fact  was  proved  by  titration  of  the  anolyte  with  a  NaOH 
solution,  once  the  current  was  swithed  off.  The  acid  concen¬ 
tration  obtained  was  proportional  to  the  current  density,  for 
the  same  flow  time. 

The  experimental  results  were  obtained  using  a  two  com¬ 
partment  cell  with  a  sintered  glass  wall  in  the  middle.  A  Pt 
sheet  was  used  as  counter  electrode.  The  S.C.E.  was  used  as 
reference  electrode  when  we  did  potentiostatic  or  potentiody- 
namic  mesurements.  We  worked  at  constant  temperature.  The  elec^ 
trode  was  previously  actived  in  0,5M  H2SO4. 

The  anolyte  acidif ication  was  obtained,  so,  by  anodic 
polarization  of  the  electrode.  Table  1  shows  the  H+  mols  ob 
tained  when  an  Ir  electrode,  with  similar  activations,  was 
polarised  at  constant  potentials  for  30  minutes. 

Table  1.  [h+]  mol.  I-1  obtained  by  anodic  polarization  of  a  1M 
NaNC>3  solution.  T=30°C,  tpQi  =  30  min. 

E/mV  (S.C.E.)  1000  1100  1200  1300  1400 


[H+]>10-3.mol.l-1  0,02  0,05 


The  acidification  of  the  working  compartment  solution 
was  attained,  as  well,  when  the  working  electrode  was  sub¬ 
mitted  to  consecutive  sweeps  of  potential,  whenever  the  ano¬ 
dic  limit  for  the  potential  sweeps  was  more  anodic  than 
950  mV  (S.C.E.).  When  the  consecutive  voltammograms  were  re- 
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corded,  the  acid  concentration  modification  promotes  the  vol- 
tammogram  transformation  from  the  NaNC>3  characteristic  shape 
to  the  dilute  HNO3  usual  shape  {fig  1). 

There  are  a  direct  proportionality  between  the  acid  pro 
duction  and  the  time  of  current  flow,  when  the  current  densi¬ 
ty  throwing  the  electrode  was  kept  constant. 

The  acid  production,  in  the  anodic  compartment,  was  pro 
portional  to  the  current  density,  when  the  flow  time  was  cons 
tant.  This  fact  promotes  the  slope  increase  of  the  conversion/ 
time  curves  when  the  current  density  grows. 

At  constant  potential  (1200  mV)  the  acid  production  was 
not  modified  when  the  NaNC>3  concentration  was  varied,  and  rose 
when  the  temperature  and  the  electrode  activation  increased. 
This  fact  points  toward  an  electrocatalytic  efect. 

Those  variations  were  not  observed  at  constant  poten¬ 
tials  higher  than  1250  mV  or  current  densities  higher  than 
10  mA.cm-2.  This  fact  could  be  explained  by  the  coexistence 
of  the  oxygen  production  on  the  electrode. 

When  the  electrode  was  polarised  at  potentials  higher 
than  1300  mV  it  loses  its  activation,  such  as  was  showed  with 
a  voltammogram  .in  O',  5M  H2SO4  after  polarization  in  1M  NaN03 . 

The  acid  production  seems  related  with  a  charge  trans¬ 
fer  between  the  N03~  ions  and  the  electrode,  such  as  was 
subgested  with  electroorganic  process: 

N03“  - ^  NO3 '  +  e"  (1) 

Following  the  same  way  of  the  electroorganic  process, 
the  radical  could  be  capable  to  take  a  proton  from  a  water 
molecule  becaming  nitric  acid: 
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Reaction  (1)  was  electrocatalysed  by  the  iridium  oxides 
present  on  the  electrode,  such  as  we  observed  by  increasing 
of  the  acid  production  when  the  electrode  activation  increa¬ 
sed.  This  reaction  was  under  control  of  the  current  flowing 
through  the  electrode  surface  when  the  oxygen  release  was 
not  attained,  existing  a  perfect  correlation  between  the  Cou¬ 
lombs  crossing  over  the  electrode  and  the  acid  production. 

Fig . -  (1)  Reference  voltammogram  (-230/+1230  mV  vs.  S.C.E.) 
obtained  in  0,5M  H2SO4  to  an  Ir  electrode  activated  in  the 
same  medium.  (2)  First  voltammogram  (-900/+1230  mV)  obtained 
using  this  electrode  in  1M  NaNOj,  and  consecutive  voltam- 
mograms  in  the  same  medium.  Vg=30  mV.s--*-,  •  T=25°C. 
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OXYGEN  REDUCTION  ON  Ni  ,  Cu  AND  Ni-Cu  ALLOY 
IN  MOLTEN  CARBONATES 

I.  URBINA*,  G.  BARREIRO  and  G.  POILLERAT** 

Laboratorio  de  Energetica  Electroquimica 
CINVESTAV,  AP  14-740  ,  07000  Mexico  DF  (Mexico) 


During  the  last  twenty  years  the  molten  carbonates  fuel  cells  have  been 
largly  studied.  The  nickel  cathode  seem  to  have  focused  the  interest  during  a  long 
time.  Recently,  some  works  have  been  published  on  Cu  electrode  (1).  In  this  work 
we  have  compared  some  metals  as  Au  and  Pt  with  Ni  and  Cu  and  a 
Cu  Ni  Zn  2.- tuy  ia  common  alloy  used  for  coin  making)  as  a  ca'.hode  for  oxygen 
reduction  in  a  molten  carbonates  fuel  cell. 

EXPERIMENTAL 

The  electrolyte  was  the  ternary  eutectic  mixture  of  lithium,  sodium  and 
potassium  carbonates  which  were  carefully  dried.  As  a  reference  electrode,  we  used 
a  Pt/CCX.C^  system  in  the  same  eutectic  mixture.  The  gas  mixture  was  33  % 
oxygen  and  67  %  carbon  dioxide,  dried  on  molecular  sieves.  This  reference 
electrode  was  in  a  small  quartz  tube  connected  to  the  cell’s  electrolyte  by  a  very 
small  hole.  As  the  working  electrode  we  used  Au,  Pt,  Ni,  Cu  and  a  Cu  (62  %) 
Zn  (23  %)  Ni  (14,5  %). 

EXPERIMENTAL  RESULTS 

The  cyclic  voltammograms  for  each  metal  at  65Q°C  are  shown  on  figure  1 
to  5  .  Gold  have  been  studied  for  comparison.  Appleby  et  al  have  published  (2) 
results  on  a  slightly  different  system  with  Li^O,  as  electrolyte,  0.1  atm  CCU 
and  0.9  atm  as  gas  mixture  and  at  850°C  .  Nevertheless  the  potential  for 
oxygen  reduction  that  we  have  found  (-  0.1  V)  is  near  from  that  of  these  authors 
(-  0. 1  V  to  -  0.22  V).  The  current  densities  are  also  coherent  if  we  take  into 
account  the  different  temperatures.  By  addition  of  Na,0-  to  the  electrolyte 
(figure  1-c)  we  are  abble  to  identify  the  peak  with  peroxyde  ion  reduction  (3). 
Platinum  and  Copper  (figures  2  and  3)  give  a  higher  current  density.  For  the  nickel 
working  electrode  the  potential  of  the  peak  is  more  negative  and  the  current 
density  is  much  higher  (about  30  times  that  of  gold).  The  two  others  peaks  could  be 
related  to  NiO  reduction  and  to  CO  production  from  CO^  or  CO.'  (4)  .  The 
Ni  Cu  Zn  alloy  shows  (figure  5)  and  even  better  current^ der.cty  than  nickel. 
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CONCLUSION 

This  comparative  study  of  different  metals  and  alloy  for  oxygen  reduction  in 
molten  carbonates  shows  that  a  Ni  Cu  Zn  alloy  give  a  higher  current  density  than 
nickel  alone  and  consequently  could  be  interesting  as  a  molten  carbonates  fuel  cells 
cathode. 
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02  REDUCTION  BY  PLATINUM  PHTHALOCYAN I NE 
IN  ALKALINE  SOLUTIONS 

C.  PALITEIRO 

University  of  Coimbra,  Coimbra  (Portugal) 

A.  HAMNETT  and  J.B.  GOODENOUGH 
Inorganic  Chemistry  Laboratory,  Oxford  (England) 


When  pure  platinum  phthalocyanine  (PtPc)  is  mixed  with  an  especially 
treated  coconut-shell  charcoal  and  formed  into  practical  porous  electrodes, 
high  current  densities  are  obtained.  The  performance  of  these  PtPc  electrodes 
is  superior  to  that  of  porous  electrodes  made  by  incorporation  of  pure  Pt  and 
active  metal  phthalocyanines  (FePc  and  CoPc)  into  the  same  type  of  carbon1. 

The  mechanism  of  02  reduction  by  PtPc  in  alkaline  solutions  was  studied 
by  applying  several  electrochemical,  structural  and  spectroscopic  techniques  to 
PtPc  thin  films  vacuum  sublimed  on  carbon,  gold  and  platinum.  The  catalytic 
activity  of  PtPc  on  carbon  is  minimum.  However,  if  a  thin  film  of  gold  is  depo 
sited  on  carbon  before  PtPc  is  evaporated,  a  4e  reduction  is  approached.  In 
this  case  a  gradual  increase  of  the  RDE  current  with  time  is  noticed.  Electro¬ 
chemical,  Ressonance  Raman  and  XPS  experiments  show  that  this  aging  is  not  due 
to  film  chemical  change  or  the  incorporation  of  an  active  impurity  into  the 
film;  its  role  is  to  increase  the  rate  of  a  step  that  is  acti vat ion-controled 
in  the  fresh  f i Im. 

The  activity  of  aged  films  on  gold  substrates  was  studied  in  greater 
detail.  RDE  polarization  curves  have  two  Tafel  slopes:  40  mV/dec  and  1 20  mV/dec 
at  low  and  high  polarizations,  respectively.  The  rate  law  for  02  reduction  was 
found  to  be 

I  ;  4  F  AKC0  C"  exp  ( -±LL) 

U2  UH  RT 

where  A  is  the  electrode  area,  K  is  the  reaction  rate  constant  measured  at  0V 
in  a  pH-independent  scale  to  which  the  potential  E  is  referred,  a  is  the  trans 
fer  coeff iciente,  m  » -0.5  and  a  «  1.5  in  the  low-polarization  region  (950  to 
850  mV/HE)  and  m  =  O.I5  ard  a»0.5  in  the  high-polarization  region  (850  to  600 
mV/ HE)  . 

H02  was  detected  in  RRDE  collection  experiments  over  the  entire  poten- 
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t i a  I  range  expiored,  but  only  in  small  amounts.  However,  H02  is  not  reduced  by 
PtPc  films.  Since  ns  4,  this  means  that  02  is  predominantly  reduced  to  OH  ;  a 
parallel  reaction  produces  a  small  amount  of  HO  ,  which  is  not  reduced  further. 
This  fact  simplifies  the  calculation  of  the  parcial  rate  constants  ( Kj :  02  — > 
— >  OH*  ;  K2 :  02  — >  H02;  K3:  H02  — >  HO  )  of  the  overall  reduction  from  the 
RRDE  data.  Their  potential  dependence  is  shown  in  Fig.  1.  This  parallel  mecha¬ 
nism  was  confirmed  by  sampled-current  voltammetry  experiments. 

Cyclic  voltammetry  and  Raman  spectroscopy  show  that  PtPc  molecules  do 
not  ionize  over  the  potential  range  of  02  reduction.  Therefore,  a  redox  mecha¬ 
nism  cannot  explain  the  electrocatalysis  of  02  by  PtPc  thin  films.  The  follow¬ 
ing  mechanism  is  suggested: 

1 .  02  +  e  ,  02 

2.  M  +  02  ~  >  M02 

3.  MQ2  +  M  +  e”  ~  >  M  -  0  -  0  -  M 

4.  M  -  0  -  Q  -  M  +  H20  +  e”  >  MO’  +  M  +  20H’ 

5.  M02  +  H20  +  e  - -  M  ♦  20H 

3 '.  M02  +  H20  ~  *  moch'  +  oh’ 

4'.  mOOh"  - >  M  +  H20 

Where  M  indicates  a  PtPc  molecule.  This  mechanism,  with  step  3  as  the  rds  in 
the  low-polarization  and  step  I  as  the  rds  in  the  high-polarization  region,  is 
consistent  with  the  experimental  rate  low.  The  first  step  is  an  electron  trans 
fer  to  an  0?  molecule  on  the  substrate  surface;  it  is  followed  by  end-on  02 
adsorption  on  the  film.  We  found  the  separation  between  Pt  ions  of  close  PtPc 

o 

molecules  in  the  film  to  be  =  3-8A.  This  separation  is  accepted  as  the  most  fa 
vourable  for  02  electroreduction  by  dimeric  metal  porphyrins2.  Hence,  adsorbed 
C  can  bridge  two -PtPc  molecules  to  give  a  bridged-oxo  species  (step  3);  this 
promotes  the  reductive  split  of  the  0-0  bond  (step  4).  Electron  transfer  to 
the  bridged -02  ion  likely  to  occur  by  ressonance-enchanced  tunneling  from  the 
underlying  gold.  Therefore,  reduction  of  02  only  occurs  very  close  to  the  Au 

O 

surface  (within  50  to  100  A).  The  pzc  of  gold  was  found  to  be  close  to  the  PtPc 
Hatband;  this  provides  a  better  electron  transfer  to  the  bridged -02  species 
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since  it  minimizes  potential  drops  likely  to  impede  tunneling. 

Aging  can  result  from  the  increase  in  the  number  of  active  sites  close 
to  Au  surface  due  to  film  electrostriction,  However,  a  slow  uptake  of  02  by 
PtPc  crystallites  increases  the  number  of  trap  sites;  tunneling  probability 
and,  therefore,  electron  transfer  to  bridged -02  species  is  thus  enhanced  with 
time. 


Fig.  1  -  Potential 
dependence  of  the 
rate  constants  for 
the  reduction  of  O2 
on  an  aged  (PGb+400 

A  Au)  +  2000  %  PtPc 
film. 


K3 
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THE  ELECTROCRYSTALLIZATION  OF  PbS  ON  Pb(Hg) 

M.J.B.V.  MELO  and  M.I.S.  PEREIRA 
CECUL  -  Faculdade  de  Ciencias  -  1294  LISBOA  CODEX  -  PORTUGAL 


In  recent  years  there  has  been  an  increasing  interest  in  the 
electrochemical  properties  of  metal  sulphides.  Most  of  them  are 
semiconductors  and  their  resistivities  are  sufficient  low  to  allow 
the  application  of  sulphides  in  the  development  of  photovoltaic 
converters  for  solar  energy,  and  high  energy  batteries. 

In  this  work  the  deposition  of  PbS  on  Pb(Hg)  is  studied,  under 
potentiodynamic  and  potentiostatic  conditions. 

A  cyclic  voltammogram  for  the  deposition  of  PbS  on  Pb(Hg)l  at  % 
from  0 . 1M  Na2S  +  1.0M  NaHCO^  solution  is  shown  in  fig.  1. 


4  uA  Fig.  1. 


Cyclic  voltammogram 
(v  =  50mV  s-1) show¬ 
ing  the  deposition 
and  reduction  of 
PbS  film  on  1  at  % 
Pb(Hg)  from  0 . 1M 
Na,S  +  1.0M  NaHC03 
solution.  _ 

Area  =  1.39x10  cm. 


Pb  +  S2" 


PbS  +  2e 


=  ~1. 179V  vs  S.C.E. 


the  three  anodic  peaks  were  attributed  to  the  PbS  formation,  and 
the  cathodic  one,  to  the  reduction  of  the  deposited  film.  Integration 
of  the  anodic  peaks  gave  the  charges  of  373  +  9  uC  cm-2,  130  +  4 
tC  cm“2  and  288  +  9  yC  cm-2  for  the  first,  seneond  and  third  peaks 
respectively . 

Potentiostatic  transients  are  presented  in  fig.  2,  for  twa  different 
values  of  growth  potential. 
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Fig.  2.  Potentiostatic  deposition  transients  for  PbS  on 
1  At  %  Pb(Hg)  from  0.1M  Na  S  +  1.0M  NaHCO^  at  two 
different  growth  potentials. 

It  can  be  seen  that  both  transients  show  rising  current  in  the 
initial  stages,  indicating  that  a  process  of  nucleation  and  growth 
is  occurring.  However  the  mechanism  is  apparently  different  and 
depending  on  the  value  of  the  growth  potential. 

A  particularly  interesting  feature  of  the  results  is  that  the 
transients  obtained  at  very  low  values  of  potential  are  on  a  time 
scale  of  several  minutes,  and  present  two  peaks,  which  the  charges 
are  205  +  20  yC  cm-2  and  186  +  18  yC  cm“2  respectively.  A  compa¬ 
rison  of  these  values  with  the  calculated  charges  from  the  crys 
tallographic  data  of  lead  sulphide2,  allowed  us  to  interpret  the 
growth  of  PbS  in  terms  of  the  deposition  of  one  layer,  followed 
by  the • formation  of  another  one,  both  with  the  (001)  orientation 
parallel  to  the  substrate. 

The  results  at  higher  values  of  potential  are  quite  different; 
the  process  is  much  faster  and  only  a  peak  occurs,  which  the 
charge  is  398  +  40  yC  cm-2.  This  value  is  virtually  identical 
with  the  sum  of  the  charge  of  the  two  peaks  formed  at  lower  po¬ 
tentials.  It  seems  that  the  peak  formed  at  higher  values  of  potential 
appears  deconvoluted  in  two  at  lower  potentials,  what  can  be 
explained  on  the  basis  of  the  variation  with  potential  of  the 
overall  growth  constants  S,  and  g_,  for  the  growth  of  the  first 
and  second  layers  respectively  . 
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The  number  of  peaks  formed  depends  on  the  relation  between  B^  and 
B,.  Only  when  8,»B2  do  two  peaks  develop,  otherwise  only  one 
peak  is  formed4. 

The  results  seem  to  point  out  that  at  low  potentials  6,  should 
be  bigger  the\p  B,  and  so  two  well  developped  peaks  are^formed. 
At  higher  potentials  the  two  peaks  occur  convoluted,  what  can  be 
attributed  for  instance  to  an  increase  of  the  constant  B2  in 
relation  to  8^. 
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EVALUATION  OF  ELECTROCHEMICAL  KINETIC  PARAMETERS  USING  THE 
BOND-HENDERSON-OLDHAM  "GLOBAL  ANALYSIS" 
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Bond,  Henderson  and  Oldham  have  developed  an  efficient  procedure  for 
analyzing  cyclic  voltammetric  data  to  obtain  the  standard  heterogeneous 
electron  transfer  rate  constant,  the  electron  transfer  coefficient,  the 
reversible  half-wave  potential  and  the  diffusion  coefficient  of  the 
reactant.  The  analysis  involves  the  original  current-potential  data 
(corrected  for  background  current!  and  the  semiintegral  (convolutive 
transform)  of  the  current-.  At  each  potential  on  the  voltammogram  there  are 
two  values  of  the  current  and  two  values  of  the  semiintegral,  one  from  the 
forward  and  one  from  the  reverse  scan.  If  the  two  current-semiintegral- 
potential  points  at  each  potential  are  plotted,  it  can  be  shown  that  the 
linear  extrapolation  in  the  current-semiintegral  plane  to  the  current- 
potential  plane  where  the  semiintegral  is  zero  will  give  an  intercept 
current  directly  proportional  to  the  forward  heterogeneous  electron 
transfer  rate  constant  at  that  potential.  Similarly  the  linear  extrapola¬ 
tion  in  the  current-semiintegral  plane  to  the  semiintegral-potential  plane 
where  the  current  is  zero  will  give  an  intercept  semiintegral,  m(t)0, 
related  to  the  diffusion  coefficient  of  the  reactant,  D0,  and  the  reversible 


half-wave  potential,  E  ,  by 

*3 

equations  (1)  and  (2) 

m( t )  /m( t ) 

lim  o 

=  1  +  exp( (nF/RT) (E  -  E^) ] 

(1) 

m( t ) .  . 
lira 

4  * 

=  nFAD  C 

0  0 

(2) 

where  E  is  the  potential,  A  is  the  electrode  area,  C*  is  the  bulk  concentra¬ 
tion  of  reactant  and  the  other  symbols  have  their  normal  meanings. 


The  extrapolations  carried  out  at  various  potentials  produce  a  set  of 
forward  heterogeneous  rate  constant-potential  data  and  a  set  of  m(t)0- 
potential  data.  The  former  are  readily  analyzed  to  yield  the  standard 


heterogeneous  electron  transfer  rate  constant,  ks,  and  the  transfer 

coefficient,  a.  The  latter  yield  values  of  E,  and  (knowing  A  and  C*). 

S  0  O 


The  procedure  is  valid  for  semi-infinite  linear  diffusion  in  cases  where 
there  is  no  convection,  migration  or  coupled  chemical  reactions. 


in  a  separate  study'  a  large  collection  of  background-corrected  cyclic 
voltammograms  in  digital  form  had  been  collected.  These  data  had  been 
analyzed  by  laborious  trial -and-error  comparison  with  digital  simulations  to 
obtain  E^ ,  ks,  ri  and,  in  certain  cases,  the  potential-dependence  of  n ,  da/dE. 
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Programs  were  written  to  analyte  these  data  according  to  the  Bond-Henderson- 
Oldham  "Global  Analysis"  technique  and  the  results  were  compared  with  those 
obtained  by  comparison  with  digital  simulation. 

In  cases  where  potential  dependence  of  a  could  be  detected,  a  curved  plot 
of  the  logarithm  of  the  forward  rate  constant  vs.  potential  was  obtained. 

The  plot  was  fit  to  a  quadratic  equation  by  linear  regression  to  obtain 
da/dE. 

Analysis  of  each  voltammogram,  including  the  calculation  of  all  semi¬ 
integrals,  required  about  10  seconds  on  a  Harris/7  computer.  The  results 


are  summarized  in  the 
found  between  the  two 

Table  where 
procedures . 

it  can 

be  seen  that  good 

agreement 

is 

1.  A.  M.  Bond,  T.  L. 

2.  R.  A.  Petersen,  Ph 

E.  Henderson  and  K.  B.  Oldham  (in  press). 

, . D .  thesis,  University  of  Wisconsin,  1983. 

Table.  Comparison  of 
"Global  Analysis"  With 

Results  obtained  by 
,  Those  Obtained  by 

the  Bond-Henderson-Oldham 
Digital  Simulation  (D S)a. 

(BHO) 

kg  # 

cm/s 

a 

Ejj  t 

vd 

Compound 

DS 

BHO 

DS 

BHO 

DS 

BHO 

b 

4,4' -dinethoxybenzil 

0.35 

0.29 

0.43 

0.40 

-1.591 

-1.589 

a 

2 , 3-butanedione 

0.65 

0.56 

0.50 

0.50 

-1.178 

-1.718 

b  g 

2 , 3-butanedione  ' 

0.021 

0.022 

0.43 

0.40 

-1.708 

-1.704 

nitromesityleneb 

0.10 

0.093 

0.43 

0.42 

-1.773 

-1.776 

b 

1 , 4-dicyanobenzene 

0.26 

0.21 

0.42 

0.43 

-1.927 

-1.927 

a 

nitronethane 

0.36 

0.28 

0.55 

0.53 

-1.926 

-1.912 

a 

nitroethane 

0.28 

0.26 

0.50 

0.42 

-1.956 

-1.947 

,  a ,  f 

2-mtropropane 

0.11 

0.12 

0.43 

0.42 

-2.000 

-1.996 

trans-l-phenvl-4 ,4- 
dimethyl-l-pentene- 
3-onek 

0.35 

0.26 

0.45 

0.50 

-2.060 

-2.061 

b 

benzophenone 

0.79 

0.59 

0.50 

0.47 

-2.127 

-2.119 

a0.10  M  electrolyte,  acetonitrile 

solvent 

,  mercury 

electrode,  25°C, 

100  V/s 

^scan  rate. 

Tetraethy lammonium  perchlorate  electrolyte. 
^Tetra-n-hepty lammonium  perchlorate  electrolyte. 

vs.  Ag/AgNOj  (0.01  M)  in  acetonitrile. 

*d-i/dE:  0.37  V-1  (DS),  0.28  V*1  (BHO) 
da/dE :  0.30  V-1  (DS),  0.37  V"1  (BHO) 
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INVESTIGATION  OF  ELECTROCHEMICAL  AND 
CHEMICAL  STAGES  OF  THE  Cu(II)  ELECTROREDUCTION 
PROCESS  IN  THE  PRESENCE  OF  ALLYL  ALCOHOL 

V.F.  VARGALYUK,  Y.M.  LOSBKARYOV,  V.A.  POLONSKY, 

N.V.  KKORCSHAVKINA 

Department  of  Physical  Chemistry,  Dnepropetrovsk  State 
University,  Pr.  Gagarin  72,  Dnepropetrovsk,  GSP  320625, USSR 


Olefine  compounds  (acrylic  acid,  allyl  alcohol  and  others) 
are  recommended  to  be  used  as  an  addition  to  electrolytes  to  im¬ 
prove  the  structure  of  the  cathode  deposition  of  copper.  We  have 
established  that  Cu(II)  electroreduction  in  the  presence  of  Ole¬ 
fine  compounds  (OC)  proceeds  along  the  ECE  mechanism  with  an  in¬ 
termediate  chemical  reaction  formation  of  univalent  copper  ?r  - 
complexes.  The  properties  of  such  complexes  with  ions  of  transi¬ 
tional  metals  were  considered  in  a  number  of  monographs,  however, 
their  role  in  the  process  of  electroreduction  of  metal  ions  have 
not  been  studied. 

A  typical  feature  cf  allyl  alcohol  (AA)  action  during  Cu(II) 
electroreduction  on  a  mercury  electrode  is  the  appearance  of  an¬ 
ode  currents  during  cathode  polarization  of  the  electrode  (Figu¬ 
re).  As  seen  in  the  figure,  with  the  growth  of  the  AA  content  the 
height  of  the  polargraphic  wave  decreases,  and  at  sufficiently 
high  concentrations  the  cathode  current  changes  to  that  of  the 
anode.  It  should  be  noted  that  the  magnitude  of  the  anode  current 
grows  not  only  with  the  increase  of  the  AA  concentration,  but  al¬ 
so  with  copper  sulfate. 

The  described  effect  is  specific  for  a  mercury  electrode  and 
is  not  observed  at  Cu(II)  electroreduction  on  copper,  platinum 
and  glass-carbon  electrodes.  Here  not  only  is  the  anode  current 
not  fixed,  but  there  is  also  no  decrease  in  the  limiting  current 
even  at  a  high  (IM)  AA  content  in  the  solution. 

A  comparison  of  the  polarograms  with  the  dependencies  of  the 
double  layer  differential  capacity  from  the  potential  shows  that 
the  decrease  of  the  limiting  current  occurs  in  the  AA  adsorption 
area.  However,  the  assumption  about  the  inhibition  of  the  copper 
ion  discharge  by  the  adsorbed  AA  layer  does  not  explain  the  ap¬ 
pearance  of  the  anode  current.  Thus,  it  can  be  confirmed  that  the 
discussed  effect  depends  on  the  interaction  of  allyl  alcohol  mole¬ 
cules  or  its  complexes  with  Cu(I)  with  surface  mercury  atoms  (ac¬ 
cording  to  data  in  literature  AA  complexes  with  Cu(Il)  are  not 
formed).  This  is  confirmed  by  the  results  of  the  analyses  of  the 
solutions  on  Hg(II)  ions.  After  a  prolonged  (0.5  hour)  electro¬ 
lysis  at  a  potential  -0.5  V  (saturated  calomel  electrode)  on  a 
stationary  mercury  electrode  the  Hg(II)  ions  are  detected  even  at 
an  AA  concentration  in  the  electrolyte  equal  to  0.1  M,  i.e.  under 
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conditions  when  the  total  cathode  current  is  recorded  on  the 
polarograms. 

Taking  the  possibility  of  forming  Hg(II)  complexes  with  AA 
into  account,  it  was  natural  to  associate  the  appearance  of  the 
anode  current  with  the  potential  shift  of  the  anode  dissolution 
of  the  mercury  to  the  negative  side.  But  this  assuption  was  al¬ 
so  not  confirmed  experimentally.  In  the  absence  of  Cu(II)  allyl 
alcohol,  even  at  high  concentrations,  does  not  practically  in¬ 
fluence  the  I, E-curve  in  I  M  sulfuric  acid.  Hence  it  follows 
that  Cu(II)  complexes  with  AA  occur  in  the  mercury  ionization 
process  in  the  considered  system. 

Proceeding  from  the  above-mentioned  we  can  write  down  the 
following  reaction  (scheme)  of  the  electrode  process: 

Cu(II)  +  e  Cu(I)  (1) 

Cu(I)  ♦  AA  [Cu(AA^+  (2) 

A  substitution  of  Cu(I)  further  occurs  either  in  the 
[Cu(AA)j  ♦  complex  by  the  Hg(II)  ion  according  to  equation 

fCuUA)]*  ♦  Hg  [Ug(AA)j*  t  Cu(I)  ♦  2a  (3a) 

or  the  formation  of  a  binuclear  complex 

/Cu(AA)J  *  +  Hg  [Hg.Cu(AA)]  3+  ♦  2e  (3b) 

Irrespective  of  the  possible  way  of  the  process,  according 
to  equation  (3a)  or  (3b)  an  anode  current  should  occur  at  the  ex¬ 
pense  of  the  different  amount  of  electrons  participating  in  the 
first  and  third  stages. 

In  this  interval  of  potentials  an  electroreduction  of  Cu(I) 
and  /Cu(AA)J  *  ions  with  the  formation  of  amalgams  occurs. 

Cu(I)  ♦  e  =  Cu°(Hg)  (4) 

[Cu(AA)J  +  ♦  e  Cu°(Hg)  +  AA  (5) 

The  magnitude  and  sign  of  the  resulting  current  are  deter¬ 
mined  by  the  correlation  process  rates  (3)  and  (4)  -  (5).  If  the 
reaction  rate  (3)  is  greater  than  the  sum  of  those  in  (4)  and 
(5),  the  anode  current  is  fixed,  and  at  a  reversed  relation  of 
these  rates  -  the  cathode  current  is  fixed. 

The  choice  between  the  reactions  presented  in  equations 
(3a)  and  (3b)  require  additional  Investigations.  All  the  same 
the  more  probable  seems  the  process  mechanism  including  the  stage 
of  forming  the  binuclear  complex,  since  the  discussed  effect  dis¬ 
tinctly  appears  precisely  in  the  presence  of  allyl  alcohol.  Pro¬ 
bably,  here  we  should  take  Into  account  the  specificity  of  the  AA 
molecular  structure,  similar  to  diolafine  compounds  for  which  the 
formation  of  binuclear  complexes  is  typical. 


mbp*. — 
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Fig.  Polarograms  obtained  in  solutions: 

(I)  Ill  H^SO^;  (2)  I  +  0.005M  CuS04;  (3)  2  +  0,IM  AA; 

(4)  2  +  0,211  AA;  (5)  2  +  0,5M  AA;  (6)  I  ♦  O.OIM  CoS04  + 
+  0,5M  AA. 


THE  ADATOMS  INFLUENCE  OH  THE  OVER POTENTIAL  OF  THE  TRANSITION 
IN  THE  PROCESS  OP  METAL  ELECTROCRISTALLIZATION 


V.  V.  TROFIMENKO,  V.S.  KOVALENKO,  Y.M. LOSHKARYEV 
Dniepropetrovsk  State  University  C  USSR  ) 


The  inhibition  of  any  crystallization  stage  during  metal  elec¬ 
trodeposition  gives  rise  to  an  increase  of  adatom  C  concentra¬ 
tion  in  comparison  with  the  thermodynamically  equilibrium  value 
of  C0  .  The  supersaturation  C/c0  arising  from  this  can  influen¬ 
ce  the  reaction  of  the  electron  transition  directly  which  fol¬ 
lows  from  the  analysis  of  the  known  kinetic  equation 

i  =  i-[exfi(otnF^a(^/RT  '  exp (- A” /*T)]  (  I  ) 

where  the  current  exchange  is 

t.  nFk\  C'Cf,  expfCj}?.,  *  °cg9)/#T]  (  2  ) 

In  eguations  (  I  )  and  (  2  )  f ^  is  the  transfer  potential  in 

the  system  without  supersaturation,  ft*  is  the  absolute  hetero¬ 
geneous  constant  of  the  discharge  rate,  Ca,  and  C,  are  the 
concentration  of  the  oxidized  and  reduced  form  of  the  electroac¬ 
tive  particles,  ft,  and  ft  are  their  specific  standard  ad¬ 
sorption  energies  (  without  taking  into  account  the  electrosta- 
tical  component  of  the  adsorption  energy). 

In  a  system  with  supersaturation  eguation  (  I  )  takes  the 
following  form 

c  -  i,  (c/C.)* [exfif<xnFtpmri/*T)- etp(-j3r>F/p„„/*T)]  (  3  ) 

as  seen,  the  appearance  of  supersaturation  in  the  cathode  pro¬ 
cess  (  C/c.  >r  )  gives  rise  to  a  decrease  of  ft,„,  to  the 
value  tyn,n  (  Fig. I  ),  curves  I  and  2  .  An  analogous  equation 
(  3  )  expression  was  obtained  when  solving  the-problem  about  the 
influence  cf  the  electrode  curvature  on  4  .  BOth  approa¬ 

ches  are  connected  taking  into  account  only  the  influence  of  sij- 
persaturation  on  the  anodic  component  current  through  the  con¬ 
centration  of  adatoms. 

Equation  (  3  )  can  be  written  in  another  form  through  the  to¬ 
tal  owervoltage  =  ft,w--ft  (  ft  is  the  crystallization 
overpotential  determined  by  the  expression  ft  =(#T/nF) Cs> (C/c.) 

l  ~  l.[exp(ccnFtp/KT)  -  (C/C.)exF>('-/3nF/?/FT)]  (  4  ) 

If  we  ignore  the  influence  of  supersaturation  on  ,  then 

we  can  come  to  the  erroneous  method  of  determining  by  the 
difference  of  values  (>  and  (  Fig. I,  curves  I  and  3  ). 

Precisely  due  to  this  a  wrong  conclusion  was  drawn  in  paper  3 

about  the  decrease  of  ft  with  the  growth  of  c  ,  and  the  ab¬ 
sence  of  the  inhibiting  stage  of  crystallization  during  metal 
electrodeposition  with  large  current  of  exchange.  Numerous 
experimental  data  contradict  such  conclusions. 

Another  aspect  id  the  influence  of  supersaturation  on  the 
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overpotential  fa(oo)  associated  with  the  possibility  of  the  dis¬ 
charge  leaking  onto  the  surface  areas  of  the  similar  electrode 
with  a  large  currature  r  (  prenucleation  cluster,  growing  nuc¬ 
lei,  rough  surface  deposition  area).  SUch  elements  are  conjuga¬ 
ted  with  a  definite  supersaturation  and  a  shift  of  the  electro¬ 
nic  therms  of  atoms,  forming  a  distorted  surface.  '.Vhith  this  the 
adsorption  energy  of  the  metal  adatoms  decreases  in  conformance 
with  the  Tompson  equation  at  a  magnitude  of  2  4v/r-  (  s'  is  the 
function  of  the  surface  tension  of  the  electrode  element  with 
the  r  curvature,  taking  the  two  layer  charge  into  account, 
"V  is  the  molar  volume  of  the  metal).  This  according  to  equa¬ 
tion  (  2  ),  results  in  a  decrease  of  the  current  exchange  in 
( c/c, )x  times,  and  the  growth  of  fa to  the  fa value 
(  Pig. I,  curve  4  ): 

c  ~  i.(c/C,y'K[exp{«nFJ?nM//?T)-ex/of-j3nP>?„^j/*r)]  (  5  ) 

Homever,  4„  increases  to  the  same  degree  due  to  the  heighte¬ 
ned  adatom  concentration  on  the  distorted  surface.  As  a  result 
of  the  action  of  both  factors  a  full  compensation  of  the  super- 
saturation  influence  occurs  at  the  exchange  current,  and 
appears  to  be  independent  on  the  electrode  surface  curvature 
from  the  similar  metal,  i.e.  faw  -  far^J  •  The  total  over¬ 
potential  in  such  a  system  is  described  as  follows: 

4  =  ia  (C/c.) ~  [C/cJ  (  6  ) 

an  adequate  kinetic  equation,  written  in  a  .  mewhat  different 
form  is  given  in  the  papers  4 ’ 3 

4=4 Q{exjo[atnF(t?-$.)/fiT]- exjof-fcnFffy-fpJ/XT]}  (  7  ) 

a  comparison  of  the  kinetic  curves  corresponding  to  equations 
(  I  )  and  (  6  )  (  Pig. I  )  indicate  the  additivity  of  the  magni¬ 
tudes  and  fa 

According  to  equation  (  3  )  the  effect  of  the  superBaturation 
influence  on  fa  cannot  exceed  the  magnitude  fa  (  approxi¬ 
mately  20  -  ICO  mV  ),  whereas  for  some  processes  the  phasefor- 
mation, depending  on  the  nature  of  the  dissimilar  electrode,  the 
experimentally  determined  change  of  fafrj  reaches  20C-500  mV,,; 
and  despite  equation  (  3  )  is^associated  with  the  growth  C/c„ 

(  Fig. 2  ).  As  shown  in  paper  ,  such  significant  changes  of  farr) 
can  explain  the  difference  in  the  adsorption  energy  of  metal  ad¬ 
atoms  (  adions  )  on  different  dissimilar  electrodes. 
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Fig. I.  Cathode  kinetic  curves  corresponding  to  equations 

I  -  (  I  ),  2  -  (  3  ),  3  -  (  4  ),  4  -  (  5  ),  5  -  (  7  ). 
The  calculation  are  made  for  C/c,=  10,  oC  *  0,5, 
n  -  2,  T  »  298  K°. 

Fig. 2.  The  influence  of  the  electrode  nature  on  *?nfr)  in  the 
process  of  galvanostatical  formation  of  the  nuclei  Cu  . 
I  -  copper,  2  -  "basis"  orientation  of  pyrographite, 

3  -  "edge"  orientation  of  pyrographite.  The  electro¬ 
lyte  composition  (  mole/1  ):  Cu  SO 4-  0,8,  HzS04-  I. 
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THE  DYNAMICS  OP  CONCENTRATION  ADATOM  CHANGE  IN  THE 
PROCESS  OP  POLYCRYSTALLINE  DEPOSIT  GROWTH  OP  COPPER 

V.V.  TROPLMENKO,  V.P.  Z.HITNIK,  E.V.  ISAENKO,  Y.M.  LOSHKARYEV 
Dniepropetrovsk  State  Univeraity  (  USSR  ) 


The  validity  of  the  conclusions,  when  studying  the  stages 
of  crystallization  processes  of  electrodeposition  of  metals,  is 
better  substantiated  if  the  experimental  determination  of  the 
adatom  concentration  (  equilibrium  c„  and  non-equilibrium  Ct  \ 
or  a  supersaturation  of  C‘/C0  (  crystallization  overpoten- 

tial£)  is  possible.  One  of  the  most  authentie  is  the  two-impul¬ 
se  potentiostatic  method  for  determining  fa  ,  suggested  in  pa¬ 
per  I  ,  which  was  used  in  the  present  investigation. 

The  change  of  fa  in  its  early  stages  of  copper  electrode¬ 
position,  and  also  the  dependence  fa  on  the  current  density 
i  have  been  studied.  An  electrolyte  containing  I  M  CuSO*  and 
0,5  M  H2S04  was  used,  the  cathode  was  a  mechanically  poli¬ 
shed  polycrystalline  copper  face  microelectrode  I  mm  diameter. 

A  typical  feature  of  the  change  of  the  magnitudes  fa  and 
(  in  the  process  of  the  potentiostatic  growth  of  the  copper 
deposit  is  shown  in  Fig. I.  As  seen,  the  region  of  the  pvorly 
reproducing  changes  of  these  magnitudes  precede  the  stationary 
values  fa  and  i  .  Irrespective  of  the  stationary  values  i  , 
the  value  fa  stabilized  after  depositing  a  copper  1  yer  700  - 
800  A.  Apparently,  the  period  of  the  non-stationary  .alues  fa 
is  determined  by  the  transitional  process  of  the  conditions  of 
epitaxical  influence  of  the  electrode  to  the  conditions  of 
growth,  depending  only  on  the  electrochemical  parameters  of  the 
system.  Precisely  that  is  why  the  deviation,  appearing  statis¬ 
tically  in  the  structure  of  the  initial  electrode  surface  du¬ 
ring  its  preparation,  gives  rise  to  various  dynamics  in  chan¬ 
ging  the  values  fa  and  i 

The  growth  of  the  stationary  values  fa  during  the  rate 
increase  of  the  crystallization  (  Pig. 2  )  is  determined  by 
the  forced  transition  of  the  crystal  nucleation  on  the  deposi¬ 
tion  area  with  less  electrocatalytic  activity.  With  this  in  a 
number  of  active  centres  of  crystallization,  more  and  more 
screw  dislocations,  which  appear  morphologically  as  pyramidal 
projections  of  the  growing  surface,  are  included  2 

The  region  of  the  limiting  values  fa  during  the  i  in¬ 
crease  is  determined  by  reaching  the  conditions  at  which  the 
nuclei,  the  epitaxially  non-associated  dislocation  appearing 
in  the  transition  period  are  formed. 

The  transition  overpotential  fa  was  determined  on  the 
basis  of  the  additive  approach,  with  this  the  rated  correcti¬ 
ons  on  the  ohmic  component  and  the  overpotential  diffusion 
(  rig. 2  )  were  inserted.  The  analysis  showed  that  the  valued 
does  not  obey  the  classical  equation  of  the  slow  discharge. 

This  is  explained  by  the  influence  on  c  supersaturation, 
realized  in  the  system.  It  showd  be  noted  that  with  the  i 


05471 


increase  the  determining  influence  of  the  electron  transition 
stage  grows,  but  the  value  remains  high.  The  latter  indi¬ 

cates  the  important  part  under  such  conditions  of  the  proper 
crystallization  stages  in  the  process  of  forming  structures  and 
the  properties  of  copper  deposition. 
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PULSE  POLAROGRAPHY :  CURRENT-POTENTIAL  CURVES  IN  NORMAL  PULSE 
POLAROGRAPHY,  REVERSE  PULSE  POLAROGRAPHY  AND  DIFFERENTIAL 
PULSE  POLAROGRAPHY  FOR  ELECTRODE  PROCESSES  WITH  NON-NERNSTIAN 
BEHAVIOUR 

J.  GALVEZ,  J.  ZAPATA  AND  M.L.  ALCARAZ 
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(Spain) 


Pulse  polarography (NPP,  RPP,  DPP)  is  one  of  the  most  po¬ 
werful  electroanalytical  techniques  both  for  chemical  analy¬ 
sis  and  for  the  study  of  electrode  processes1-2.  Theoretical 
studies  for  reversible  processes  have  been  made  extensively1'1*’5. 
In  this  context,  we  have  obtained  recently*  the  rigorous  so¬ 
lution  for  the  case  where  the  reduction  product  dissolves  in 
the  electrode  by  adopting  for  the  dme  the  expanding  sphere 
electrode  model.  However,  the  corresponding  theory  for  pulse 
polarography  with  slow  charge-transfer  steps  contains  some 
simplifying  assumptions  which  are  not  well  justified*.  In 
turn,  Matsuda1  has  derived  theoretical  expressions  for  the 
current  response  in  NPP,  RPP  and  DPP  although,  the  restriction 
t'/t  <<1 (being  t'  the  duration  of  the  imposed  pulse)  was  used. 
Finally,  Aoki  and  Osteryoung2  have  also  obtained  expressions 
for  the  corresponding  response  in  DPP  but  their  final  equa¬ 
tions  are  very  cumbersome. 

In  this  work,  expressions  for  Pulse  polarography (DPP ,  NPP, 
RPP)~  are  derived  for  charge-transfer  processes  with  non-Nerns- 
tian  behaviour  by  adopting  for  the  dme  the  expanding  sphere  ele 
trode  model.  We  have  used  the  derivational  pattern  based  on 
the  dimensionless  parameter  method  described  in  reference ( 6) . 
This  allows  then  solving  the  problem  through  concentration 
profiles  for  any  value  of  x  and  t  so  that  the  use  of  lineari¬ 
zed  profiles1  is  not  neccesary.  We  have  considered  the  process 


where  for  simplicity  the  assumption  D  =D  =D  has  been  made.  In 
addition,  we  shall  suppose  that  the  potential  is  set  on  a 
constant  value  E,  from  t=0 (beginning  of  the  drop  growth) to  t-t 
and  at  t-t,  it  is  stepped  up  from  e’  to^the  other  constant  1 
value  E. .  under  these  conditions  the  solution  of  the  corres¬ 
ponding  boundary  value  problem  after  the  pulse  is  applied  is 
given  by 


i  (t) =i 


dc 


(t)(  1+6- 


NPP 


nFACt)ksCA 


NPP 


(1) 


where 


1/2  CA  F{X> 


1+K, 


idc  it)  =nFA (t)  (7D/3  tt  t) 


(2) 
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i^^nFAU)  (D/  ,t')1/2C; 


Git,y) 


1  +  K„ 


/  K  K 

8=(1+K2)  ^  1+K^  J+ 

Ki=exp  ((nF/RT)  (E^E0)) 


X=(12t/7D) 1/2kc 


(l+K^exp  (-anF/RT)  (Ej^-E0) 


y=(4t'/D)  1/2ks(l+K2)exp(-anF/RT)  (E^E")  (7) 

T=t'/(t1+f)  (8) 

Note  that  i(t)  is  a  function  of  the  corresponding  current  res¬ 
ponse  in  dc  polarography (equation  (l))and  in  NPP(equation  (3)). 
In  any  case,  it  is  interesting  to  show  that  in  equation  (1)  on¬ 
ly  are  involved  the  Koutecky  function7,  F(x)  (which  is  related 
to  the  dc  polarographic  response)  and  the  Galvez  function 
G(t  ,y)  8  (which  is  involved  with  the  NPP  re.sponse) whose  properties 
have  been  described  in  the  literature (7-9) . 

From  equation  (1)  we  may  easily  obtain  the  expressions  for 
the  different  modes  of  pulse  polarography  and  so,  we  have: 
a)  E-=E1.  In  this  case  K_=K.,  8=0  and  as  expected,  equation  (1) 
gives  itt) =i  ,  (t) . 


b)  NPP.  In 


is  maintained  at  an  initial  value  at  which 


no  current  flows.  Inserting  the  condition  'K  -*■»  in  equation  (1) 
we  obtain  i(t)=iNp_. 

c)  RPP.  In  RPP,  E.  is  set  on  the  cathodic  diffusion  current 
plateau  and  the  potential  E2  is  scanned  anodically.  Inserting 
the  condition  E^-*--™ (K^*- 0)  in  equation  (1)  we  have 

_ •  f  1  '  NPP  _ /, _ n  ,nml  /  nOt\]  ...  f 


'RPP  Xdc 


NFA  { t) k_C? 

S  A 


exp  ((ctnF/RT)  (E2-E°))j  - 


\)  DPP.  In  DPP  E.  and  E2  are  scanned  simultaneously  toward  the 
cathodic  direction  so  tnat  E.-E2=AE  is  kept  constant.  In  addi¬ 
tion,  i_pp  is  normally  measured  as  a  difference  between  i(t)  at 
:=t1+t'  and  i(t)  at  t=t^ .  Hence,  we  obtain 


T l/2F(y) 


nFA(t)k  C. 

s  A 


-  (1-  r  ) 


(3/7)  1/2  ((1/(1+K2))-(1/(1+K1)  ))  G  (x  ,y) 


F(XX) 


i.  =  ( 7D/3  Tit' )  1/2nFA(t)C? 
d,p  A 

1/2  J 
where  Xi=(l-f)  X-  Examples  of  I/E  curves  computed  from  equa¬ 
tions  (3),  (9)  and  (10)  are  shown  in  figures  1-3. 


e)  Reversible  process:  Under  there  conditions  kg>>l  and  equa¬ 
tion  (1)  gives  K  -  K 

Kti-idc(t)  ♦  — x— p-  iNPP  an 

•  ■  •»  |  ' 

From  this  equation  the  different  modes  of  pulse  polarography 
for  Nernstian  behaviour  are  easily  obtained  as  described  pre¬ 
viously. 


y  0.6 

S,  0.4 

£  0.2 


-0.3  -0.6 

>-E°/V 


e2-e°/v 


-5  2  -1 

Fig.l.-  NPP.  Current-Potential  curves  for  n=l,  D=10  cm  .s  , 
T-298K,  a=0.5,  and  different  values  of  ks(cm.s-1):  (1)  1;  (2) 

10"2;  (3)  1C"’.  Kt>  4,  (5)  10"5.  id  Nppi=nFA(t)  (DA  ♦•'l  1/2d  + 

+  i  x  +. . .) .  t=ls;  t'=0.02s. 

Fig. 2.-  RPP.  Current-Potential  curves  computed  from  equation 
(1) .  Conditions  as  Fig.l 


Fig. 3.-  DPP.  Current-Potential  cur¬ 
ves  for  t=ls.,  t'=0.05s., 


AE=0. 05V 


\ 

a. 

CU  *  ,  1 

a  O.li 


and  different  values  of  kg (cm.s  ): 
(1)  1;  (2)  5xl0~3  ?  (3)  10-3;  (4) 


^ ,  10  ;  (5)  10 

-0.6  as  Fig.l. 


Other  conditions 


E1-E°/V 


'If 
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CHRONOPOTENTIOMETRY  WITH  PROGRAMMED  CURRENT  AT  £  DROPPING  MER¬ 
CURY  ELECTRODE:  POTENTIAL-TIME  CURVES  FOR  AN  ECE  MECHANISM 

J.  GALVEZ,  J.  ZAPATA,  M.  L.  ALCARAZ  AND  F.  ROBLES 
Laboratory  of  Physical  Chemistry,  Faculty  of  Science,  Murcia 
(Spain) 


1  -  6 


In  a  series  of  recent  papers  we  have  shown  that  dme  chro- 
nopotentiometry  is  a  very  appropiate  technique  for  the  study  of 
electrodejprpcesses  when  a  current-time  function  of  the  form 
I(t)»I_tw  '"(WAO)  is  used.  In  the  present  work  we  have  ob- 
taineduthe  theoretical  relationships,  which  show  the  behavior 
of  the  E/t  curves,  for  the  eCE  mechanism.  If  the  charge  trans¬ 
fer'  reactions  are  reversible,  this  mechanism  is  described  by 
the  scheme  ki 


A  +  n^e 


B;  B 


!C;  C  +  n^e 


If  we  adopt  for  the  dme  the  expanding  sphere  electrode  model, 
the  transition  time,  r  ,  is  given  by 


( 


w 


_  gw(0»Td,e) 

9„(0,r  J 


1  +  f 


^  T  d,e  J  9w<0,T  eJ  1+KGv 

[Gw,.<\ .>9W(0.T.)**U(X  )(1-«,,(0,T.I)]} 


(1) 


where 


X= (k1+k2) t 


i/6 


w 


d,e 


^7D  P6w/7nlFA0CA 
12  I0qw_(0>Td.er 


■  ( 3m/  4  rd) 


f=n2/n^;  Cg  =  2  ;  a=(3m 

6  (w+j)  +1  1 


Gw,e(X)- 


G  P6w/7 

~9w(0,t) 


3~0 


p6 (w+j) 

7 


(2) 


(3) 


(4) 


v«-  Pfeti  =-x  x  -4 

and  being  t 


6 (w+ j ) +1 
7 


(5) 


7  j=0 

^  e  the  transition  time  which  would  be  observed  in 
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the  absence  of  the  chemical  reaction.  In  turn,  the  potential- 
time  function  is 


E(t)-  E°  + 


RT 


V 


In 


cA(o,t) 

cB(o,t) 


with 


CA(0,t)-  CA(l-gw{0,t)ce(t)) 


(6) 


(7) 


cB(o,t>- 


1+X 


| ((l-K)ea(t)+KN(w,t) )GW/e(X)gw(0,t)+ 


+  (2eQ(t)-N(w,t))Kgw(0,t)- 


CQ(t)' 


- (1-K)  (GWfe(X)-Hw(X))gw(0,t)  (Efi(t)-  ep(t) )} 

C0fc1/6xwcr*#1<o> 


Ep(t)  CTP(6w+l)/7gw(0,t) 


ep(t)-  - 


axX 


w 


N(w,t)> 


i/i7 


Iot 


W 


nlFA0CAP6w/7' 


(8) 

(9) 

(10) 

(11) 


In  Fig.l  we  have  plotted  E/t  curves  computed  from  eqn.(6) 
for  different  values  of  .  Note  that  the  influence  exerted  by 
the  sphericity  of  the  electrode  is  very  significant  and  so, 
there  i3  a  shift  of  E(t)  towards  positive  potentials  as  is 
Increased.  In  addition,  the  values  of  t  are  also  larger  than 
those  obtained  with  the  expanding  planeeelectrode  model  (C„*»0) . 


In  Fig. 2  we  have  represented 


1 


(  Te/Td,e)W  vs* 


for  w=l/2 


t/s 


and  different  values  of  K.  Note 
that  these  curves  allow  us  to 
obtain  in  a  direct  way  the  va¬ 
lues  of  kj.  and  k^  if  the  equi¬ 
librium  constant  is  known.  In 
those  cases  where  K  is  unknown 
a  fitting  procedure  similar  to 
that  described  in  reference  (6) 
can  be  applied. 

Fig.l.-  .Potential -time  curves 
for  v=l/2 ,  N0=1.12s“1/2,  K=0 , 
k1=ls’’1,  f=n1=n,«=l,  Aj=l,  15=!, 
T-298K.  C0(s"1/(^):  (3.)  0.0; 

(2)  0.1;  (3)  ,0.2. 


x  a 
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Fig. 2.-  Dependence  of  (t  A.  „)W  vs.  X,  for  vr=l/2  (eqn.(l)) 

e  a  f  e  x  ^ 

and  5-0.15.  K-values  shown  on  the^ curves. 

Fig. 3.-  Dependence  of  <4E  vs.  for  !>«.  £Q (s-1/5 6) :  (1)  0.0; 

(2)  0.1;  (3)  0.2.  e 


Finally,  in  Fig. 3  we  show  working  curves  of  E(3  t  /4)-E(r  /4) 
vs.  Xj.  .  Note  that  these  plots  may  be  also  used  to  determfne 

andek-  although,  in  this  case,  it  is  not  necessary  to  know 


reviousxy  the  value  of  t d  0. 
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CHRONOPOTENTIOMETRY  with  programmed  current  at  a  dropping  mercu¬ 
ry  ELECTRODE I  THEORY  FOR  ELECTRODE  PROCESSES  WITH  FIRST-ORDER 
REGENERATION  MECHANISMS 
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Laboratory  of  Physical  Chemistry,  Faculty  of  Science,  Murcia 
(Spain) 


The  theory  Qf  regeneration  mechanisms  has  been  already  pro¬ 
posed  for  different  electrochemical  techniques 1 “J  although,  in 
dme  chronopotentiometry  this  theory  has  not  as  yet  been  deve¬ 
loped. 

Consider  the  reaction  scheme. 


aA  +  ane  ;  *hB 

j, 

B  —  -  r hA  +  other  products 

where  n  is  the  number  of  electrons  transferred  per  molecule  of 
A,  k  is  a  first-order  rate  constant  and  h  may  take  on  any  po¬ 
sitive  value.  Note  that  if  a  and  b  take  on  the  values  1  and  2 
we  have  the  case  of  a  dimerization  on  the  electrode  surface.  If 
we  used  a  current-time  function  of  the  form  I(t)=l  tw?1'°(w  >0) 
and  we  follow  the  derivational  pattern  described  ir?  references 
(5,6)  we  find  that  the  E/t  curves  are  given  by 

(e(w,t))"1/2N(w,t)10an(t)  “  CA  3  1  j  1  +  ((P-1,-pGw(xj- 


.gw(0,t)N(w,t)  )  a  -  C*b~l  (  pgw(0.t)Gw  e(x)N(w,t)  /h  j 


b10n(t) 


(1) 


where 


»! 


9(w,t)  -  0Qt/p6w/7 
0Q  =  12k*/7D 


(2) 

(3) 

(4) 


n (t)  =  nF (E (t) -E° ) /RTlnl 0 


Gw,e(^  - 

5w(3#t)  - 

fw(j}“  77 
5>0 


e  Xp6w/7  yi  x3  9wU.t) 
j  =  0  p6(w+^/7 

l“fw«>«otl/6 

{7(3  (w+ j )  +2 ]  P6(lrtj)/7  - 

12(w+1)  3  (w+j  )  +4  j 
P6(w+j)+l/7  ’ 


(5) 


(6) 

(7) 


J 
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Vt.V/i-ttlilVH  iv.  T>->  t' 


In  turn,  tha  transition  time,  t  ,  is  given  by 


/  *.  y , 

Vd,e  /  l-fw(0)«0Te/6 


1+P[Gw>e(\  J"1 


with 


T  j  “  (7/12D)1/2 
a ,  e 


-  k  T 


nFA0CA  P6w/7 
X0gw  * 0  ,T  d  ,  e> 


Note  that  in  equations  (1)  and  ( y )  p  is  the 
so  that  we  may  consider  three  different  case 

a)  p  <1.  In  this  case  the  regenarntion  of 
and  so,  if  p«l/2  we  have  the  one-half  regene 
for  p*0  the  equations  given  above  are  simpli 
for  an  EC  mechanism7. 

b)  p»l.  Under  these  conditions  we  have  &' 
and  equations  (1)  and  (9)  become  identical  t 
derived'for  this  mechanims. 

c)  p  >1.  In  this  case,  the  regenerat ion - o 
tal . 

In  Fig.l  we  show  E/t  curves  for  p=l/2(one 
mechanism),  p=*5/4  and  different  values  of  th 
tion  parameter (£.) .  Note  that  for  a  given  va 
as  £_  becomes  greater  and  this  effect  is  sim 
for  other  electrode  processes5- 4  . 


regeneration  fraction 

S  : 

A  is  only  partial 
ration  mechanism  and 
fied  to  that  obtained 

catalytic  mechanism 
o  those  previously 

f  A  is  more  than  to- 

-half  regeneration 
e  spherical  correc- 
lue  of  k.r  increase- 
ilar  to  that  found 


«  -50 


In  addition,  in  Fig. 2  we  have  obtai¬ 
ned  working  curves  of  (x  A  ^  ) w  vs . 

e  d ,  e 

X,  which  are  useful  to  determine  k. 

1  e 

Note  the  different  behavior  of  these 
plots  for  p<l  and  p>l.Thus,  if 
w 

P  <1,  (t  /t.  )  increases  toward  a 

e  a ,  e 

maximum  value  which  is  equal  to  1/1-p 
(see  equation  (9)).  For  p=l, 

(t  eA  d  g)W  increases  linearly  with 
X1/2  for  values  of  x  sufficiently 


Fig.l.-  Potential -time  curves  for  w=2/3,  nq=1s  ,  k=0.5s_1, 

T=298K,  0Q+* (reversible  process).  £  (s-1^6) :  (1)  0.0;  (2) 

0.1;  (3)  0.2.  p-values  shown  on  the  curves. 
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largo.  Finally,  for  p  >1*  f  eA 
v,  although,  if  the  conditioR 
no  transition  time.  An  example 


)w  increases  continuosly  with 
d'e  G  (x)  <l-l/p  holds  there  is 
of  w,e  this  is  shown  in  Fig. 3  . 


w 

Fig. 2.-  Dependence  of  fr  d  @)  vs.  xr  for  w=5/6  (egn.(9))  and 

5=0,  p-values  shown  on  the  curvfs.  ^2 

Fig. 3.-  Potential-time  curves  for  w=2/3,  I  =0.6  uAs  ,  0  -“(reve 
sible  process),p=5/4  ,  a  =  b=l,  f,=  0.0  s~l/6,  T=298K .  k-valuc 

shown  on  the  curves. 
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.THEORY  OF  THE  EE  MECHANISM  WITH  ADSORPTION  OF  THE  INTERMEDIATE 
AT  AN  ELECTRODE  EXPANDING  WITH  ANY  POWER  LAW 

J.  GALVEZ,  M.  L.  ALCARAZ  AND  J.  ZAPATA 

Laboratory  of  Physical  Chemistry,  Faculty  of  Science,  Murcia 
(Spain) 


As  it  is  well  known,  the  electrochemical  response  for  an  e- 
lectrode  process  can  be  significant  influenced  by  the  adsorp¬ 
tion  of  one  or  more  of  the  species  involved  in  the  charge  trans 
fer  steps1"1.  In  these  cases,  the  solution  of  the  boundary  va¬ 
lue  problem  is  more  complicated  than  if  only  there  are  involved 
dissolved  species,  because  one  must  consider  an  adsorption  iso¬ 
therm,  and  this  involves  the  introduction  of  addition^ i  parame¬ 
ters.  Regarding  the  EE  mechanism,  Lovrid5-'*  has  developed  re¬ 
cently  the  theory  for  this  mechanism  with  adsorption  of  the  in¬ 
termediate  which  follows  Henry's  or  Langmuir’s  isotherm.  Howe¬ 
ver,  this  theory  is  only  valid  for  the  stationary  electrode  and 
so,  his  results  can  not  be  applied  quantitatively  to  the  drop¬ 
ping  mercury  electrode.  Hence,  the  aim  of  the  present  paper  is 
to  obtain  explicit  equations  for  an  EE  mechanism  with  adsorp¬ 
tion  of  the  intermediate  which  are  valid  for  an  electrode  ex¬ 
panding  with  any  power  law.  Under  these  conditions,  the  solu¬ 
tions  for  a  stationary  plane  electrode  and  for  a  dme  are  only 
special  cases  of  this  general  solution. 

Consider  the  electrode  process  represented  by 

il  _  12  ' 

A  +  e" _  B  +  e  ~  f *r 

II* 

r 

If  the  adsorption  of  B  follows  Henry's  isotherm  the  boundary  va 
lue  problem  for  this  mechanism  is  given  by  ~ 


dca 

“  dcb 

=  DCC  =  0 

(1) 

=0,  x  >0: 

V  CV 

CD  “ 

o,  cc  =  o,  r  =  o 

(2) 

>  0 ,  x*»: 

V  <• 

CB  * 

o 

O 

O 

♦ 

o 

(3) 

o 

II 

X 

o 

A 

JiCA, 

h 

(4) 

Ux  jo 

Fq(t) 

J’fl). 

+ 

1  ...  do  (t)  „  f  12  11 

(5) 

\3x  JO 

dt 

qTt)  dt  ‘  r'q(t)  rq(t) 
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1 

u° 

C 

i2 

(6) 

“U  1° 

Fq  (t) 

cA(0,t) 

-  C0 (0 , t) Kx 

(7) 

cB(0,t) 

=  Cc(0,t)K2 

(8) 

CB(0,t) 

-  Kr(t) 

(9) 

K1  -  exp((E-E°)F/HT  J  ,  i-1,2  (10) 

where  D  is  the  operator 


and  q(t)  the  electrode  area  given  by  the  general  law  q(t)=qntz. 

The  solution  of  equations  <l)-(9)  is  accomplished  by  using 
the  dimensionless  parameters  method  previously  described  (see 
for  example  reference  (5)).  Thus,  using  the  transformations 


-  * 

X  =  KAq  t/d(2z+1)  : 

where 

AQ  =  1+K1+1/K2 
and  the  new  variable 


(11) 

(12) 


*  =  CA+CB+CC 


we  find, 


ii  =  Fq(tM/2irt±iI  <  f1  "  at  F(Z'*>J 


i2  =  Fq (t) 


s+1)  *  F  ( z  ,  X ) 

A  A0K2 


/d(2zh 

V 

•  cl  f1  - 


total 

where  the  F(z,X)  function  is  defined  bv 


(13) 

(14) 

(15) 

(16) 


with 


F (z , X) 


P-t(z)  - 


2 

j=l 

2r(i+ 


(-1)  :3+1P1  (z5  . .  .p  .  (z) 


T 


a 

4z+2 


(i+2z) 


j 

"Tz+T 


(17) 


(18) 


being  T  the  Euler  y  function. 

In  Figs.  1-2  we  have  plotted  I/E  curves  computed  from  equa¬ 
tion  (16)  for  z®2/3  (dmel,  z=0  (stationary  plane  electrode)’  and 
different  values  of  A(=E°-E£)  and  KD1  .  As  expected,  a  bigger 
splitting  of  the  curves  is  round  as  A  and  KDI/2  become  lower. 


0 


Fig.  1 .  - 


Fig. 2.- 


Current-potential  curves  computed  from  equation  (16) 


for  A-0.2V,  t-ls,  I=i  ./Fq(t) 

KD1/2(s“l/2) :  (1)  10"' ;  (2)  10-5 
shown  on  the  curves. 


2z+l)_ 
-3 


(3)  10 


'A  ’ 

z-values 


Dependence  of  I  on  KD1^2  for  &=-tf.lV.  Other  condi¬ 
tions  as  Fig.l. 


In  addition,  these  curves  show  an  inflexion  point,  which  from 
equation  (16)  is  placed  at  the  potential  Ei  =*(E~-eO)/2.  In 

any  case,  it  is  interesting  to  show  that  the  behavior  of  these 
curves  are  cualitatively  similar  for  z-2/3  and  z=0 .  However, 
from  a  quantitative  point  of  view  the  differences  between  them 
are  very  significant.  Thus,  on  the  left  of  E.  we  have 
I (z-2/3)  >  I(z-O) .  Conversely,  on  the  right  1,p6f  E.  we  find 

A  •  p  « 

I(z=2/3)  <  I(z-O).  Hence,  it  is  clear  that  in  this  case  the  sta 
tionary  plane  electrode  is  not  a  good  model  for  the  dme  even  iF 

1/2 

we  introduce  the  factor  (7/3)  '  . 
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KINETIC  CHARACTERISATION  OF 

[ru (bipy ) 2C1  poly (4-viny lpyridine )]  Cl  COATED  ELECTRODES 

0.  Haas 

Swiss  Federal  Institute  for  Reactor  Research,  WOrenlingen  (Switzerland) 


[Ru(bipy)2Cl  poly (4-viny lpyridine Cl:  (I)  coated  electrodes  have  some 
interesting  catalytic  properties1.  Sav£ant  et  al2  showed  that  the  mediation 
of  electrochemical  reactions  by  such  redox  polymer  films  may  be  described 
with  four  characteristic  currents. 


(1)  iA  =  FSC°  D/5: 

(2)  is  =  FSc£kDs/$: 

(3)  iE  =  FSC^/*: 


Substrate  diffusion  from  the  solution  to  the  film. 
Substrate  diffusion  in  the  film. 

Electron  transfer  between  different  redox  sites  in 
the  film. 


(4)  ifc  =  FSC^xkr0:  cross-exchange  reaction  between  the  redox  center  and 

the  substrate  in  the  film. 

Where:  F:  Faraday's  constant,  S:  electrode  surface  area,  C^:  bulk  concen¬ 
tration  of  the  redox  substrate,  Cp:  concentration  of  the  redox  sites  in  the 
film,  r°:  surface  concentration  of  the  redox  sites,  D:  diffusion  coefficient 
of  substrate  in  the  solution,  Dg:  "diffusion"  coefficient  for  the  diffusion- 
like  propagation  of  electrons  in  the  film,  Ds:  diffusion  of  substrate  in  the 
film,  k:  partition  coefficient  of  the  substrate  between  the  film  and  the 
solution,  k:  second  order  rate  constant  of  the  reaction  between  the  sub¬ 
strate  and  the  active  form  of  the  redox  sites,  6:  diffusion  layer  thickness, 
i:  film  thickness. 


Using  Fe2+  and  Fe3  +  as  a  substrate  in  1M  HC1,  we  were  able  to  evaluate 
these  characteristic  currents  for  electrodes  coautl  wi  .h  (I).  For  that  pur¬ 
pose  we  used  Koutecky  Levich  plots  (Fig.  1)  where  slope  and  intercept  might 
be  used  to  determine  iA  and  i^3.  iE  was  evaluated  from  c'-’-onoanperometric 
experiments  with  electrodes  coated  with  (I)  in  1M  HC1.  The  results  of  these 
experiments  are  presented  as  Cotterell  plots  in  Fig.  2.  It  can  be  shown  that 
iE  is  related  to  the  slope  p  of  these  plots  by  the  following  relationship: 


F-  r° 

Is  was  evaluated  using  Fe3+  as  a  substrate  wnich  because  of  its  thermodynaai 
unfavourable  reaction  does  hardly  react  with  the  RuII  sites  in  polymer®  (I) . 
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But  the  Felll  might  be  reduced  at  the  electrode  underneath  the  film.  For 
such  a  system  the  relationship  (6)  might  be  used  to  find  ig: 


Here  iL  stands  for  the  diffusion  limited  current  obtained  with  the  coated 
electrode.  Unfortunately  the  electrodes  underneath  a  polymere  film  tend  to 
be  very  inactiv.  To  overcome  this  difficulty,  the  electrode  was  first 
coated  with  1  hydroxiphenazin5 (II) .  With  such  a  double  coated  electrode  we 
were  able  to  get  good  estimates  for  is  (Fig.  3). 

The  results  of  our  investigations  are  summarized  in  Table  1  for  an 
electrode  rotation  speed  of  lOOO  rpm  and  a  substrate  concentration  of  10~6 
mole/cm0  calculated  for  a  surface  concentration  of  2.6*1O-0  mole/cm2. 

The  results  show  that  the  catalytic  process  at  this  electrode  is  mainly  limi¬ 
ted  by  is  and  ig. 


Fig.  1 ;  Koutecky  Levich  plots  of  four  Fig.  2:  Cotterell  plots  obtained 
electrodes  with  different  surface  from  two  electrodes  coated  with  (I) 

concentration  of  (I)  in  1M  HC1.  a) anodic  potential  jump 

b)  cathodic  potential  jump 
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XA 

0.45  mA/cm2 

XS 

0.4  mA/cm2 

iE 

7.9  mA/cm2 

Lk 

180  mA/cm2 

Table  1  Fig.  3:  Current  potential  curves 

a)  coated  with  (II)  r°  =  6-10-9  mole/cm2 

b)  coated  with  (II)  and  (I) 

r°  =  6.0-10-9  mole/cm2 

r°  »  l.O-IO-8  moie/cm2 
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UNEXPECTED  SOLVENT  DEPENDENCE  OF  SOME  HOMOGENEOUS  ELECTRON  EXCHANGE  REACTIONS1 
G.Grampp,  W.Harrer  and  W.Jaenicke 

Institut  fur  physikalische  und  theoretische  Cheroie  der  Universitat  Erlangen 
EgerlandstraAe  3,  D  8520  Erlangen 


1 . Introduction 

For  simple  self  exchange  reactions  of  the  form  Q  +  QT  +  Q  withAG°  =  0 

a  simple  expression  for  the  rate  constant  assuming  weak  overlap  and  an  elec¬ 
tron  transmission  coefficient  K  *  1  was  derived  by  Marcus2; 

k  =  A  exp  |-(Xi  +XQ)/4  RT)  (1) 

the  free  energy  of  activation  being  given  by  the  inner  (Xi)  and  the  outer  (Ao) 
reorganization  energies.  Xi  is  a  function  of  force  constants  and  differences 
in  bond  lengths  of  Q  and  QT,X0can  oe  expressed  by 

>o  =  (eoL/4««o>-9‘¥  (2) 

where  e0is  the  unit  charge,  L  is  Avogadro’s  constant,  g  is  a  distance  para¬ 
meter 

_g  =  (1/r)  -  (1/d)  (3) 

depending  on  a  mean  radius,  r  ,  of  the  reactants  and  their  distance  in  the 
transition  state,  d.  The  solvent  parameter  is  given  by 

=  (1/n2)  -  (1/E)  (4) 

with  n  =  refractive  index,  £,  =  dielectric  constant. 

The  preexponential  term  is  controversial^ .  It  may  be  expressed  by  a  precur¬ 
sor  equilibrium  with  the  constant  K  (a  function  of  the  reaction  cage)  and 
a  frequency  termV-  Especially  the  meaning  of  V  is  open.  Either  a  weighted 
mean  value  of  orientation  frequencies  of  the  solvent  and  valence  frequencies 
of  the  reactants  is  assumed  or  solvent  relaxation  phenomena  are  discussed 
which  may  be  slower  than  the  system's  stay  in  the  transition  region.  In  this 
case  the  Oebye  relaxation  tineTg=  3  V^tp/RT  (V^=  molar  volume,  vj  =  visco¬ 
sity)  or  the  longitudinal  relaxation  tint^sTg  (£(v-*o»)/£(  V-*0))  is  intro¬ 
duced. 

Tc  examine  the  factors  influencing  k  the  functions  Ink(^)  and  lnk(T"l)  can 
be  used.  The  former  gives  g  and  consequently  \0 ,  the  latter\i+Xo 
preexponential  term.  (If  relaxation  processes  are  effective,  an  additional 
activation  process  has  to  be  considered) . 

2 . Experimental 

The  electron  exchange  was  studied  between  tetracyanoquinonedimethane  (TCNQ) 
and  tetracyanoethylene  (TCNE)  and  their  radical  anions  in  form  of  their 
t  et rebut y 1  ammonium  salts.  It  was  possible  to  extend  the  experiments  up  to 
solvents  with  smaller  dielectric  constants  as  ever  before  (2,2  <  £.  <  65.1), 
the  resulting  3 -range  being  0.05  <  ^  <  0.53.  The  exchange  rate  constants 
«srs  measured  in  the  temperature  range  220  <  T/K  <  320,  using  ESR  line  broa¬ 
dening  (slow  exchange  approximation)  as  a  function  of  the  concentration  of 
tne  neutral  substarce. 


V'.W  w-  ■*,«■** 
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3 . Results 

In  Fig.l  the  observed  rate  constants  lnk0[jSfor  both  substances  at  T  =  297K 
(crosses  x...x)  are  given  as  a  function  of  %  .  Since  they  are  not  far  from 
the  diffusion  limit  a  correction  is  necessary,  using  l/kobs=1/kdiff  +  1/k. 

4. Discussion 

4.1  The  dependence  of  k  on  . 

As  it  is  shown  in  Fig.l,  the  measured  rate  constants  cannot  be  correlated 
with^.  However,  if  ln(k*«j)  or  In ( k/ kd^f f )  is  plotted  against^,  straight 

lines  are  found  (dots  • - •  in  Fig.l).  The  correlation  is  scarcely  worse 

if  Tq  is  used  instead  ofo.  WithT|_  ,  however,  the  linear  dependence 
is  less  marked. 

4.2  The  slope  of  ln(k«*))  as  a  function  of  y  (Fig.l) 

Since  the  preexponential  term  was  found  to  be  proportional  toi^-*-,  g  was 
obtained  not  from  the  slope  of  lnk(^f)  (see  eqn(l)  and  (2))  but  from  the  de¬ 
pendence  of  ln(k/kcjiff)  on y.  In  this  case  a  straight  line  is  found.  The 
observed  negative  slope  for  TCNE  results  in  a  positive  g,  the  positive  slope 
for  TC..Q  in  a  negative  g.  In  both  cases  g  is  much  smaller  than  l/2r  as  ex¬ 
pected  from  two  touching  spheres  (g  =  1/r  -  1/2  r) . 

This  is  possible  for  ellipsoidal  molecules* with  semiaxes  a  >  b  >  c  if  they 
react  in  a  distance  of  about  2c.  In  table  l  the  semiaxes  of  both  molecules 
are  compiled,  as  obtained  from  crystallographic  data,  also  the  resulting 
F  ,  and  d  calculated  from  g  and  r.  For  both  molecules  c  is  equal.  Therefore 
the  same  d  is  found.  For  TCNQ  ?  is  somewhat  greater  than  d,  for  TCNE  it  is 
smaller  than  d.  With  the  observed  g  Xo(eqn;2))  and  Xi can  be  calculated, 
the  latter  from 

\  =  -  4R(dlnk/df1)  -  4E?  -  (e0T./4ire0) -g*m  (5) 

(Tab. 2)  E^  is  the  viscosity  energy,  m  is  a  constant  in  the  empirical  equa- 
tion4for  jf(T):  %  =  m  +  nT.  The  method  of  evaluation  is  confirmed  by  the 
result  that  Xj^is  independent  of  the  solvent.  It  is  much  greater  than  IX 0L 
In  Tab. 2  also  aH*  and  AS*  are  included,  calculated  from  the  observed 
activation  energy  E  according  to  aH*  =  E  -  In  and  AG*  =  AH*  -  T^S*  = 

(\i+  Xo)/4-  AS*  is  small. 
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Fig. 1  Rate  constants  as  a  function  of  ^  . 
Left  hand  scale:  x...x:  lnk0foS;  o..>o:  Ink; 
right  hand  scale:  • - •  Ink/kjjiff. 


Table  1  The  parameter  g  and  its  components  (for  the  calculation  of  ?  see^) 


Substance  Semiaxes 

<*)  w100"'1 

)  r(10”10m) 

d(  10 

-10  , 
m) 

TCNQ 

a  =  6.95 
b  =  4.85 
c  *  1.7 

-1.19 

4.4 

4.3 

TONE 

a  =  b  = 
c  =  1.7 

4.7  +2.35 

3.7 

4.2 

Table  2 

Activation  parameters  of  TCNQ  in 

different  solvents 

Solvent 

ma) 

E  X.b) 

(  kj  mol ”*)  (l«i  mol” 

1  V 

A)  (kj  mol  A) 

ah*  _ 
(kJ  mol" 

1  -1 
)(J  mol  aK 

dioxane 

0.0152 

12.2  27.8 

-0.9 

6.9 

+1.3 

CHC13 

0.381 

6.8  28.8 

-4.5 

5.7 

+0.7 

THF 

0.435 

8  28.2 

-6.1 

5.2 

—  Ip.  0 

PCd) 

0.321 

14.4  27.7 

-7.9 

5.2 

-1.3 

CH3CN 

0.442 

6.8  26.8 

-8.7 

4.9 

+0.7 

calculated:  19.9 

(297  K) 

.  (297  K) 

a)  S'  =  m  ♦  nT  b)  from  eqn.(5)  c)  obs.  d)  propylene  carbonate 
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KINETICS  OF  THE  HYDROGEN  EVOLUTION  REACTION  ON  STEEL  FROM 
AQUEOUS  SOLUTIONS  IN  EQUILIBRIUM  WITH  C02 

T.  H.  BIRKELAND,  R.  TUNOLD  and  R.  0DEGARD , 
Institutt  for  teknisk  e  lektrok jemi ,  NTH 
Universitetet  i  Trondheim,  Trondheim  Norway 

and 

T.  HURLEN,  Kjemisk  Institutt 
Universitetet  i  Oslo,  Oslo  Norway 


The  rate  of  corrosion  of  active  metals  in  weak  acids  like 
carbonic  acids  is  substantially  higher  than  the  rate  in  a  strong 
acid  at  corresponding  pH  due  to  increased  rate  of  hydrogen 
evolution. 

The  hydrogen  evolution  in  the  system:  H-O-NaHSC.  -NaHCOj-CO^  has 
been  studied  using  a  rotating  iron  disk  electrode.  The  effect  of 
angular  velocity  and  of  the  chemical  environment  has  been 
evaluated. 

The  cathodic  polarization  curve  on  pure  iron  is  shown  in  Fig.  1 
in  Q.5  M  Na  SO  electrolyte  with  nitrogen  atmosphere  (broken 
line)  and  with  T  bar  CO  atmosphere  (solid  line).  The  curve  in 
nitrogen  shows  the  typical  behaviour  of  hydrogen  evolution  from 
water  molecules.  The  curve  describing  hydrogen  evolution  from 
the  solution  saturated  with  C02  exhibits  a  limiting  current  at 
low  negative  potentials  (in  the  vicinity  of  the  corrosion 
potential),  a  subsequent  tafelline  and  then  a  second  limiting 
current  at  high  negative  potentials.  Ultimately  the  two  curves 
coincides.  This  behaviour  has  been  reported  earlier  by  Hurlen 
et  al .  /I/. 

The  effect  of  rotation  speed  on  the  first  limiting  current  is 
shown  in  Fig.  2.  The  triangular  points  are  measured  values, 

whereas  the  straight  lines  represent  calculated  contributions. 
Line  (1)  is  the  calculated  contribution  from  the  reduction  of 
protons  whereas  line  (2)  represents  the  calculated  hydrogen 
evolution  from  HSO^'-ions.  Both  currents  are  diffusion 
controlled.  The  measured  curve  however,  seem  to  be  made  up  of 
diffusion  controlled  contributions  and  one  contribution 
i.  dependent  of  rotation  speed.  This  last  contribution  seems  to 
have  the  characteristics  of  a  reaction  limiting  current.  As 
shown  by  Hurlen  et  al.  /I/  the  magnitude  of  this  limiting 
current  might  be  calculated  based  on  the  assumption  that 
hydration  of  dissolved  C0_  is  the  rate  controlling  reaction  in 
the  overall  cathodic  process.  Line  (5)  represents  such  a 
calculation  showing  very  qood  agreement  with  the  experimental 
results.  Line  4  then  shows  the  total  sum  of  the  calculated 
contributions. 
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Additions  of  NaHCO.  to  the  electrolyte  seem  to  retard  the 
reduction  rate  in  the  area  of  the  first  wave  (Fig.  J).  The 
current  in  the  tafelregion  and  the  second  limiting  current 
however,  seem  to  increase  with  increasing  amount  of  HC0.”-ions. 
This  could  mean  that  the  HCQ“-ion  is  reduced  directly  according 
to  the  reaction: 

HC03'  +  e  —  1/2  H2  (g)  +  COj-"  (1) 

The  combined  effect  of  additions  of  NaHCO,  and  rotation  speed  is 
shown  in  fig.  4.  The  value  of  the  first  limiting  current 
increase  with  increasing  angular  velocity  as  is  shown  in  Fig.  2. 
At  higher  negative  potentials  however,  the  polarization  curve 
seems  to  move  towards  lower  current  values,  both  in  the  tafel 
area  and  in  the  range  of  the  second  limiting  current.  It  seems 
that  convection  transports  away  from  the  electrode  surface  a 
species  giving  some  catalytic  effect.  This  species  could  be 
C0^  which  probably  hydrolyze  very  quickly  due  to  reaction  with 
water: 


The  first  limiting  current  is  considerably  higher  than  the 
corrosion  current  meaning  that  the  effect  of  convection  on 
the  corrosion  rate  is  minor  under  the  prevailing  conditions. 


Reference: 

/I/  T.  Hurlen  et  al. 

J.  Electroanal.  Chem.  180(1984)  511-526 
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ELEMENTARY  STEPS  OF  THE  ELECTROCHEMICAL  REACTIONS  OF  ETHANOL  ON  PLATINUM 

A  "DEMS"  STUDY 

J.  WILLSAU  AND  J.  HEITBAUM 

Institute  of  Physical  Chemistry,  Wegelerstrasse  12,  0-5300  Bonn  1,  FRG 


1.  INTRODUCTION 

The  electrochemical  oxidation  of  ethanol  on  Pt  in  sulfuric  acid  has  been 
subject  to  numerous  investigations  /l, 2, 3, 4/.  The  different  proposed  reac¬ 
tion  mechanisms  and  reaction  products  made  it  necessary  to  reexamine  this 

system  by  means  of  Differential  Electrochemical  Mass  Spectroscopy  (DEMS)  in 

18 

combination  with  deuterium  and  0  labelling.  The  experimental  set  up  of 
DEMS,  an  on  line  technique  which  allows  the  qualitative  and  quantitative 
detection  of  electrogenerated  products  with  a  time  constant  of  less  than 
0.5  s,  is  described  in  detail  elsewhere  /5, 6/ . 

Ethanol  can  serve  as  a  model  system  for  the  electrooxidation  of  an  organic 
species  containing  two  C-atoms,  thereby  extending  the  overall  understanding 
of  the  electrochemical  behavior  of  small  organic  molecules  /7,8,9/. 

2.  OXIDATION  IN  THE  PRESENCE  OF  BULK  ETHANOL 

Fig.l  shows  the  anodic  scan  of  the  mass  spectroscopic  cyclic  voltammogram 
(MSCV)  /9/  for  m/e=43,44  and  45.  The  potential  depenc'  of  m/e=45,  the  (M- 1 ) 
signal  of  ethanol,  is  due  to  the  shielding  of  ethanol  when  it  is  oxidized 
at  the  electrode.  Mass  44  suggests  C0?  to  be  the  major  oxidation  product, 
but  parallel  to  m/e=44  mass  43  is  recorded  which  clearly  indicates  an 
(additional (?))  H-containing  species  to  be  formed,  eventually  having  a  m/e= 
44  peak  too,  which  might  hold  for  acetaldehyde. 

Carbondioxid  and  acetaldehyde  can  easily  be  distinguished  by  using  deuteri¬ 
um  labelled  ethanol:  Fig.?  shows  the  formation  of  CD^CDO  (m/e=48)  besides 
CCt,  evolution  (n/e=44). 

3.  EVIDENCE  FOR  A  PARALLEL  PATH  MECHANISM 

Tie  two  observed  reaction  products  seem  to  indicate  a  parallel  reaction  me¬ 
chanism.  Adsorption  of  ethanol-D^,  removal  of  all  excess  fuel  by  electro¬ 
lyte  exchange  under  strict  potential  control  /7/,  and  subsequent  electrode- 
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sorption  leads  exclusively  to  the  formation  of  C0?  (m/e=44)  (Fig. 3). 

4.  NATURE  OF  THE  ADSORBED  INTERMEDIATE 

ID  10  ip 

Adsorption  of  O-ethanol  in  H_S04/H_  °0,  replacement  of  the  -containing 

^ 

electrolyte  by  H^SO^/H^  0,  and  electrodesorption  results  in  a  MSCV  whose 
anodic  scan  is  shown  in  fig. 4.  Two  different  kinds  of  CO^  (C^O^O,  C^O^O) 
are  detected  which  both  appear  exactly  at  the  same  potential. 

5.  CONCLUSIONS 

On  the  basis  of  the  results  described  above  we  can  clearly  state  that  the 
electrooxidation  of  ethanol  exhibits  a  parallel  reaction  mechanism.  Both, 
the  direct  oxidation  of  bulk  ethanol  and  the  formation  and  electrodesorp¬ 
tion  of  a  strongly  bound  intermediate  are  observed. 

The  product  of  the  direct  oxidation  is  acetaldehyde,  whereas  oxidation  via 
the  adsorbate  delivers  two  ("different")  CO,,  molecules,  one  originating 
from  the  a-C-atom,  still  containing  the  alcoholic  0  and  receiving  one  0- 
atom  from  the  elctrolyte,  the  other  from  the  methyl  group,  obtaining  both  0- 
atoms  from  the  electrolyte.  The  fact  that  both  CO.,  appear  at  the  same  po¬ 
tential  suggests  that  ethanol  adsobs  on  Pt  having  the  C-C-bond  still  intact. 
Splitting  occurs  during  the  electrodesorption  process. 

6.  ADDITIONAL  RESULTS 

Similar  experiments  on  the  electrochemistry  of  propanol  and  isopropanol 
will  also  be  presented. 
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Fig.l.:  Anodic  scan  of  the  MSCV  in  Fig. 2.:  Anodic  scan  of  the  MSCV  in 
1Q*2M  EtOH/O . 5M  H2S04/H20  on  Pt  10-?M  ethanol-D^/O.BM  H?S04/H20 


Fig. 3.:  E lectrodesorpt ion  of  pre-  Fig. 4.:  Electrodesorption  of  pre¬ 
adsorbed  ethanol-Dfi  in  0.5M  H„S04/  adsobed  Et^P0H  in  0 . AM  H,,S04/lO60 
H.,0  on  f’t  (above:  I/F,  below:  I./E)  on  Pt.  (only  I^/L"  is  shown) 
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ELECTROCHEMICAL  REDUCTION  OF  OXYGEN 
KINETICS,  MECHANISMS  AND  CATALYSIS 

C.J.  VAN  VELZEN,  G.J.  BRUG,  M.  SLUYTERS-REHBACH,  J.H.  SLUYTERS 
Van  't  Hoff  laboratory.  State  University  of  Utrecht,  The  Netherlands 


The  electrochemistry  of  oxygen  has  received  and  still  receives  considerable 
attention,  due  to  both  its  scientific  importance  and  its  role  in  energy 
problems,  corrosion,  biological  processes,  etc.  Nevertheless  there  is  still 
much  ambiguity  and  uncertainty  about  rather  elementary  questions  such  as 
kinetics,  reaction  mechanisms  and  the  nature  of  catalytic  effects  of  several 
kinds.  A  study  of  the  electrochemical  oxygen  reduction  under  academic 
conditions  is  justified  therefore,  as  this  can  deliver  fundamental  information 
that  can  help  to  understand  observations  concerning  more  complex  systems. 

Mercury  and  gold  electrodes  are  suitable  model  electrodes  for  studying  the 
electroreduction  of  oxygen,  as  they  can  be  prepared  in  a  reproducible  way, 
reasonably  free  of  surface  contamination,  and  without  oxide  films.  At  mercury 
the  reductions  of  O2  to  H2O2  and  of  H2O2  to  H2O  proceed  in  well-separated 
potential  regions,  i.e.  they  give  rise  to  two  distinct  waves  in  the  dc 
polarogram.  At  gold  the  two  waves  are  separated,  though  less  than  at  mercury, 
at  low  pH,  but  these  waves  merge  at  pH  55  6,  while  at  pH  >  12  only  one  four- 
electron  wave  is  observed  in  the  dc  voltammogram  (see  Fig.  1 ) .  At  mercury  a 
similar  situation  can  be  created  by  adding  a  catalyst  acting  upon  the  rate  of 
the  H2O2  reduction,  thus  shifting  its  wave  to  more  positive  potentials.  Since 
long  it  is  known  that  some  simple  metal  ions  in  neutral  or  alkaline  medium 
are  such  catalysts',  the  most  effective  one  being  Pb(II)  2  (see  Fig.  2).  In 
addition  it  is  known  that  some  lead-hydroxo  complexes  are  specifically 
adsorbed  at  the  mercury  solution  interface-'. 

In  the  present  study  dc  voltammetry,  admittance  and  demodulation 
voltammetry,  and  chronocoulometry  have  been  employed  to  extend  our  knowledge 
and  understanding  of  the  oxygen  reduction  at  mercury  and  gold.  The  results 
obtained  are  briefly  summarized  in  the  following. 

(i)  Reduction  of  oxygen  to  hydrogen  peroxide.  This  electrode  reaction  obeys 
the  linear  rate  equation  describing  the  faradaic  current  jp  by 

-  JF  =  2fVc02  “  cH202cOH-K4eXp(4))]  0) 

with 

ip  =  (2F/RT)  (E-E°)  (2) 

where  L°  is  the  formal  standard  potential  of  the  redox  couple  02/(H02) (OH”) 

=  -G.2I6  V  vs  SCE)  and  is  the  equilibrium  constant  of  the  association 
equilibrium  H02  ♦  H20  Z  H2O2  +  OH-.  The  potential  dependent  rate  constant  kf 
obeys  the  relationship 

_  exp  (  ja  ,U>)  _  exp(|g) 

k,  k  .  k 

f  si  c 

At  the  mercury  electrode  in  solutions  of  pH  0.4  to  12.5  the  parameters  in 
eq.  (3j  are  equal  to  aj  «  0.39  *  0.03;  kgj  =  0.10  ♦  0.005  cm  s-' ; 
kr  »  ■*  +  1  +  (0.75  +  0.05) I0&  0^+.  This  behaviour  Ts  in  very  good  agreement 
with  the  following  reduction  mechanism^1: 
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R1 

O2  ♦  e  O2 

rate-determining 

R2 

O2  +  H2O  t  HO2  +  OH" 

^  rate-determining 

R2 ' 

OJ  ♦  H+  *  HO2 

J 

R3 

HO2  +  e  t  HO2 

fast 

Two  alternatives  for  the  fast  reaction  R3,  viz .  2HO2  *■  O2  +  H2O2  and 
HO2  +  OJ  2  O2  +  HO^i  cannot  be  ruled  out  on  the  basis  of  dc  and  admittance 
measurements  alone.  However,  the  demodulation  voltamaogram  sharply  rejects 
these  dismutation  reactions. 

The  hydrogen  isotope  and  temperature  effect  on  the  mechanism  above  have 
been  studied  also^.  In  D2O  it  is  found  that  kc  is  lower  than  in  H2O  by  a 
factor  2;  the  other  parameters  remain  the  same. 

(ii)  Reduction  of  hydrogen  peroxide  to  water.  The  higher  reactivity  of  the 
gold  electrode,  as  compared  to  mercury,  suggests  that  the  rate-determining 
step  is  catalyzed  by  reactive  sites  that  are  more  likely  at  a  solid  electrode 
surface.  At  both  electrodes  the  rate  constant  k£  obeys  the  relationship 

kj  »  ksexp[-o#p]  (4) 

with  a  31  0.11.  This  low,  but  potential  independent  value  should  indicate  a 
single  asymmetric  energy  barrier.  At  mercury  it  is  found  that  ks  is  a 
function  of  pH  in  the  region  10.5  <  pH  <  13.5.  This  can  clearly  be  related 
to  the  dissociation  equilibrium  H2O2/HO2  and  the  conclusion  is  that  both  the 
acid  and  the  anion  are  reducible,  but  the  latter  with  a  smaller  rate  constant. 
[ k s (Il2°2 )  *  1 2 3 4 5 ks(H02)].  This  effect  was  not  observed  before. 

(iii)  Catalysis  by  Pb(II).  The  mathematical  description  of  the  dc  voltammogram 
and  the  admittance  voltanmograms  in  the  case  of  overlapping  dc  waves,  applies 
quite  well  to  the  data  obtained  at  the  gold  electrode  and  those  at  mercury 

in  the  presence  of Pb(II).  It  is  shown  that  Pb(0H>2  is  the  active  species,  and 
the  rate  constant  of  the  catalyzed  H2O2  reduction  could  be  determined  as  a 
function  of  thePb(II)  concentration.  Surprisingly,  however,  the  mechanism 
cannot  be  correlated  to  the  degree  of  adsorption  of  Pb(II).  The  most  probable 
mechanism  involves  a  chemical  oxidatioh  of  Pb(0H>2  by  H2O2  to  a  polynuclear 
species  that  is  rapidly  reduced  electrochemically . 

1.  F.  Strnud,  Coll.  Czech.  Chem.  Comm.  jj_  (1939)  391. 

2.  A.  Arevalo,  A.  Bazo,  Polarography  1964,  G.J.  Hills,  ed.  MacMillan,  London, 
p.  457-471. 

3.  M.M.J.  Pieterse,  M.  Sluyters-Rehbach,  J.H.  Sluyters,  J.  Electroar.al.  Chem. 
109  (1930)  41 . 

4.  C.J.  van  Velzen,  M.  Sluyters-Rehbach,  A.G.  Remijnse,  G.J.  Brug, 

J.H.  Sluyters,  J.  Electroanal.  Chem.  1 34  (1982)  87  ;  142  (1982)  229. 

5.  C.J.  van  Velzen,  M.  Sluyters-Rehbach,  J.H.  Sluyters,  J.  Electroanal.  Chpm. , 
in  press. 
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SOME  FEATURES  IN  THE  ELECTROCATALYTIC  REDUCTION  OF 
NO”  AND  NO~  IONS  AT  PLATINIZED  PLATINUM  ELECTRODES 

G.  HORANYI 

Central  Research  Institute  for  Chemistry  of  the  Hungarian 
Academy  of  Sciences,  H-I525,  Budapest  (Hungary) 


Electroreduction  of  nitric  and  nitrous  acids  has  been  the  subject  of 
several  studies^.  Relatively  less  information  is  available  concerning  the 
electrochemistry  of  NO^  and  NO^  ions  in  neutral  and  alkaline  media.  It  is 
assumed  that  the  electrochemical  reduction  of  NO^  and  NO^  ions  in  alkaline 
solution  differs  from  that  in  acid  media  due  to  the  lack  of  various 
chemical  equilibria  between  the  higher  oxidation  states  and  the  numerous 
possible  intermediates.  According  to  ref.  1  reduction  in  alkaline  medium 
has  to  be  considered  as  direct  anion  reduction.  However,  a  number  of  ex¬ 
perimental  evidences  may  be  found  which  suggest  that  there  are  some  common 
features  characterizing  the  polarization  behaviour  of  NO^  and  NO^  ions  in 
both,  alkaline  and  acid,  media. 

In  order  to  gain  more  information  about  the  role  of  the  medium  in  the 

electrocatalytic  behaviour  of  these  ions  a  comparative  steady  state 

polarization  study  may  be  proposed  in  alkaline  and  acid  media.  Simultaneously 

an  attempt  should  be  made  for  the  study  of  the  adsorpti  n  phenomena  occurring 

in  the  course  of  the  reduction  processes.  To  this  end  an  indirect  radiotracer 

2 

method  described  elsewhere  may  be  used. 

Experimental .The  polarization  measurements  were  carried  out  using  the  cell 

3 

and  apparatus  described  in  previous  e lectrot atalyt ic  studies  .  The  indirect 
radiotracer  adsorption  study  was  carried  out  using  P-32  labelled  H.^PO^.  All 
potentials  quoted  in  this  paper  are  given  on  the  RHE  scale. 

Results .  The  electrocatalytic  reduction  of  NO^  ions  was  studied  at  a  platinized 

platinum  electrode  in  acidic  media  in  the  presence  of  different  supporting 

-2 

electrolytes.  It  has  been  found  that  at  low  UNO ^  concentrations  (c~10 

-3  3 

mol  dm  )  the  polarization  behaviour,  the  shape  of  the  polarization  curves 
and  the  reduction  rate  depend  significantly  upon  the  nature  of  the  supporting 
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electrolyte.  (Fig.  1)  These  phenomena  may  be  explained  by  the  competitive 
adsorption  of  the  reacting  species  and  the  anions  of  the  supporting  electro¬ 
lyte.  For  instance.  Fig.  2  shows  the  potential  dependence  of  the  adsorption 
of  H^PO^  at  different  NO^  concentrations.  However,  independently  from  the 
nature  of  the  supporting  electrolyte,  a  common  feature  was  observed.  In  all 
cases  studied,  a  sharp  decrease  of  the  reduction  rate  was  observed  at  po¬ 
tentials  where  the  adsorption  of  hydrogen  attains  a  significant  value. 

Similar  phenomena  occur  in  alkaline  medium  in  the  case  of  NO^  and  ions 
as  shown  by  Figs  3  and  4. 

Discussion.  The  behaviour  observed,  maxima  on  the  polarization  curves,  can 
presumably  be  ascribed  to  the  adsorption  competition  between  reacting  species 
and  Che  species  present  in  the  system  (ions  of  the  supporting  electrolyte)  or 
formed  under  the  experimental  conditions  studied  (for  instance  adsorption  of 
hydrogen).  The  decrease  of  the  reduction  rate  at  low  potentials  may  be 
explained  by  the  hydrogen  adsorption  which  may  result  in  a  decrease  of  the 
adsorption  of  reacting  species.  Acceptance  of  this  view  involves  the 
assumption  that  the  reduction  process,  takes  place,  at  least  partly,  via  ad¬ 
sorbed  species. 

In  the  case  of  the  electrocatalytic  reduction  of  nitric  acid  in  acid  medium 
4 

an  attempt  was  made  to  interpret  the  peculanties  of  the  polarization  curves 

in  terns  of  competitive  adsorption.  In  principle  the  same  approach  may  be 

followed  in  the  case  of  alkaline  medium.  There  is,  however,  a  fundamental 

problem.  In  the  case  of  acidic  medium  there  was  a  possibility  of  showing 

that  a  measurable  adsorption  of  anions  occurs  on  the  electrode  surface  and 

the  potential  dependence  of  the  adsorption  observed  experimentally  by  radio- 

tracer  method  may  be  used  for  the  explanation  of  the  polarization  phenomena. 

3- 

Al 1  our  efforts  to  observe  the  specific  adsorption  of  anions  (Cl  ,  PO,  and 

2-  ...  4 
SO^  ions)  in  strong  alkaline  medium  failed.  This  means  that  the  extent  of 

the  adsorption  of  the  anions,  if  occurs,  is  less  tk'n  the  experimental  error 

of  the  method.  It  may  be  suggested  that  the  low  reactivity  observed  in 

alkaline  medium  may  be  connected  with  the  low  adsorption  values  with  respect 

to  NOj  ions. 
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1.  Polarization  curve  of  nitric  acid  (c=1.5xl0  mol  dm  )  in:  (1)  1  mol  dm 

HCIO^;  (2)  1  mol  dm  3  HCIO^  +  1x10  1  mol  dm  3  H^PO^;  (3)  1  mol  dm  3  H2S0^; 

(4)  1  mol  dm“3  HC10.  +  lxio"3  mol  da”3  HC1. 

4 

2.  Potential  dependence  of  the  adsorption  of  H~P0,  at  different  NCL  concent- 

— .A  _  1  J  H  _/  -5 

rations,  c  n  »  8x10  mol  dm  ;  c.,n-  *  (1)  0*  (2)  4x10  :  (3)  8x10  : 

1  —  "X 

(4)1.6x10“^;  (5)  3.2x10  mol  dm 

-3 

3.  Polarization  curves  at  differenc  NO^  ion  concentrations  in  1  mol  dm  NaOH 
supporting  electrolyte,  c  -  -  (1)  3.5x10  3;  (2)  7x10  3;  (3)  1.4x10  ^  mol  dm  3. 

NU3  .  -  -3 

4.  Polarization  curves  obtained  at  different  NO2  concentrations  m  l  mol  dm 

NaOH  supporting  electrolyte,  c  -  *=  (1)  lxlO-^;  (2)  3x10  (J)  6x10 

-1  •  -1  N02 
(4)  1.2x10  ’  (5)  2.4x10  mol  dm'3. 
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A  STUDY  ON  ELECTRODE  KINETICS  OF  THE  DEPOSITED 
ELECTROLYTIC  MANGANESE  DIOXIDE(EMD)  PROCESS 


4i-Xia  Zhang, Ze-Sh an  Zhu, Jin-King  Lian 

Dept,  of  Chem.  Fijian  Normal  University 
Fizhai,  Fijian,  China 
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Abstract 

In  the  H1SC4 — H2SO4  solution  there  is  probably  existence  of 
(Kh2(S04 }j )^~  complex  ion. It  is  determined  out  both  by  ultraviolet 
spectrometric  method  and  by  using  RDE  method. Identification  the 
potassium  salt  to  be  K2^2^®4^3  X-ray  diffraction  supports  the 
possibility . 

«  set  of  regular  equations, expressed  by  matrix  form  GGxC=GSm  which 
sculd  satisfy  the  "most  probable  value"  of  various  ion  species  in 
solutions  has  been  deduced  by  using  least  square  principle. As  G, the 
afcscrtance  of  standard  solutions  and  Dm, that  of  electrolytic  solutions 
are  known  values,  2  can  be  calculated  by  a  computer. As  a  result, the 
concentrations  of  and  MnOJ  amount  to  1.0*10-4M  respectively . 

The  electrode  Kinetics  of  EKD sf irst, (Mn2( SO^ )j )2~p»2Kn 3++JS0|“ 
uid  tr.en  two  series  of  reactions  s imultaneous  :  ( 1 N  Kn2+-*Kn5+, 
a'n5%2S2Cs-  Mn02»4H+,and  (2)  4Mn2%MnO~+0H+  —  5Mn5%dH20, 

Oh  -  ■"  +2H2C  —  >'nC2  +  Mn2'r+4H+. 
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A  STUDY  CN  ELECTRODE  KINETICS  C?  THE  DEFCSIDED  SMD  PROCESS 

Qi-xin  Zhang,  Ze-shan  Zhu,Jin-ming  Lian 

Dept,  of  Chem.  Fujian  Mormal  University 
Fuzh ou , 7u j ian , Ch ina 


1.  Introduction 

.although  the  production  of  EMD  from  Mno04-H2S04  solution  has  been 
carried  out  for  twenty  years, the  electrode  kinetics  of  the  deposided 
EMD  have  not  been  studied  carefully .Tetter  X. J( 1 )( 1961 ),M.Fleischman 
et  al(2)( 1 962) ,Masatosh  Sugimori  and  Taro  Sekine(3,4)( 1?69),G.Ya.Slaidin‘ 
and  A.A.Spritsi3(5)(l978)  have  proposed  many  approaches  to  the  study  of 
electrodepcsited  ZMD, nevertheless  they  have  not  paid  enough  attention 
to  industrial  ccndition  but  to  "research  of  SKD  deposited  at  pt-electrode 
within  short  tine, at  lower  temperature(  2^-5^C) ,  in  solution  of  lower 
concentration  y-nSC^CO.CI-O. 1M)  and  higher  concentrated  H2S04( 1-15-0  . 
Perhaps  the  kinetics  of  electrodeposition  at  this  condition  should  be 
somewhat  different  from  that  in  industrial  ccndition  ( i.e.  95*C,0.6-i .2K 
lr.oC4,0.2-*  HoSC4''.The  researches  of  Cer.taro  Kano(6)( 1969)  and 

Jar twri/hti 7)  have  more  or  less  taken  into  consideration  the  irdustril 
conditions .Gen taro  Kano  approached  tne  subject  from  thermodynamic  stan- 
card  electrode  potentials  point  of  view, and  tr.e  latter  emphasized  the 
:'r.‘-+  icr.s  penetrating  into  intermediate  product  "nCCE  layer. In  general, 
they  all  overleaped  tne  existence  and  the  function  of  Kn^*  complex  anion 
in  solution  during  electrolysis.  !r.  this  paper,  some  results  of  the  inves¬ 
tigation  of  Kn^m  complex  ar.ion  existence  and  the  concentration  distribu¬ 
tion  of  species  such  as  Mr.i1-  and  HnCJ  are  retorted. nnd  then  the  possible 
a  part  of  electrode  reaction  mechanisms  have  been  suggested. 

2.  Experimental 

2.1  Instruments 

(l)  UV-JCO  Scanning  Spectrophotometers, made  in  Japan. 

‘2)  R4X-1 0  X-ray  diffractometer, made  in  Japan. 

(?)  Rotating  Disc  Electrods  Set, made  in  China. 

."'.2  Chemical  Reagents 

nil  chemical  reagents  used  were  nR  grade. 

2-3  Procedures  for  estimation  cf  the  existence  and  composition  of 
complex  anion  i.n  H2ZC4-M1SC4  solution 


*** 

4 
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(i)  Job's  optical  absorbance  vs  mol-ration  (  at  constant  mol  concen¬ 
tration)  plot  method.. 

First,  from  the  rearming  of  absorption  vs  07  wave  length  curve, the 
maximum  absorbance  with  its  corresponding  wave  length  (i.e.peak  wave 
length)  of  >taSG4,H2S04  and  H1SO4-H2SQ4  solutions  was  measured. 

Second, a  series  of  various  mol  ratio  MnS04-H2S04  solutions  at  a 
defined  total  mol  concentration  were  prepared  and  their  absorbance®.- 
curves  were  measured  at  peak  wave  length. ISie  so  called  Job's  plots  mol 
ratio  of  1%iSC4  ;  H2SC4  (at  a  constant  total  mol  concentration, e .g. 
(Kn£C4]f(H2S 04)30. 06K,  or  1.2M  and  1.4K)  vs  absorbances  were  plotted. 

Figl  is  a  typical  example. Hie  mol  ratio  corresponding  to  curve  maximum 
absorbance  may  usually  be  considered  the  composition  of  complex  ion. 

^2)  By  using  rotating  disc  electrode  method  to  determine  the  magni¬ 
tude  of  limiting — current  in  MnSC4~H2S04  solution  from  i-c  curves, the  . 
rotating  electrodes  used  were  pt(0.12  cm2)  and  pb-eb  alloy(0.l2  cm2). 

(j) X-ray  analysis  of  potassium  salt. the  KCSO4  :E2SC4  solution( 2 : Imol ' 
was  neutralized  by  KCH.its  salt  has  been  analyzed  by  X-ray. 

2.4  Procedures  for  determination  of  the  concentration  of  various 
species  such  as  Kn^.KnOJ  and  other  ions  in  KnSO^-f^SOd  solution  during 
electrolysis 

Stancard  (reference)  solutions  of  XMnC4(8.0Cxl0"5>t)t;.j-3+(7.4x  10"^M) 
and  Mni04~H23C4  mix  solutions  were  prepared. The  37  absorption  curves  in 
the  range  200-300  urn  were  determined. 

EK3  was  electrodeposlted  from  Nol  cell  (4  liter, containing  l.iJM 
I-ir.aC4fO.l6K  H2SO4''  and  :.’o2  cell  (4  liter,  containing  0.8.”  MnSC4f0.5KH2SC4 ) 
at  95*0, anodic  current  density  1  A/dm2, pb-sb  alloy  rod  as  anode. After 
electrolysis  for  several  hours, an  aliquot  solution  was  taken  cut  every 
fifteen  minutes  lasting  4-6  hrs.lt  was  let  to  cool  ratidly  and  was  scanned 
from  20C-J00un  to  ;et  absorption  curves  immediately. 

"wing  to  partly  overleap  of  absorption  curves  cf  Kn2+,  Mo'"1'  and  KnCj 

solution.it  is  difficult  to  solve  equations  using  the  usual  method  tc  get 

concentrations  of  various  species . However, a  series  of  wave  lengths  (e.g. 

20-40  )  with  its  corr es oonding  absorbances  can  be  taken  through  optimal 

calculation .The  fundamental  priciples  are  briefly  as  follows. If  a  system 

.-.as  n  components  species,  there  is  a  relation  v«» tween  wave  length  n, 

n 

absorbance  and  molal  extinction  coeff icient,!- .1  is  a  constant, let 
it  equals  to  unity. If  n  wave  lengths  J  **•  ,n)  are  taken , concen¬ 

tration  of  n  components  can  we  obtained  through  a  set  of  n  linear  equations, 
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3y  solving  these  equations, n  components  values  C^(i*1, 2, •• *,n)  can 
be  obtained  .How  ever,  for  the  sake  of  accuracy,  k  (k>>n)  wave  lengths  .. 
should  be  taken  to  determine  absorbance, so  k  absorbance  values  can  be 
obtained. By  using  the  least  square  principle, the  "  most  probable  values" 
of  various  species  can  be  calculated. The  "moat  probable  values"  satisfy 
tr.e  so  called  set  of  positive  definite  equations,  in  matrix  form: 

GG^-G-Sn 

where  G  is  the  absorbance  matrix  of  standard  (reference)  solutions, and 

5m  is  the  absorbance  vector  of  MnS04-E2S04  solutions  .When  measuring 

—  T 

value  G  and  Dm  axe  known, the  matrix  coefficient  GG  and  free  term  vetor 

cSm  can  be  calculated  by  computer. In  the  9et  of  equations  00^5*05^, the 

matrix  coefficient  generally  is  positive  definite  symmtric  matrix. Thus 

by  using  main  element  elimination  method, the  concentrations  of  various 

component  can  be  solved  with  the  aid  of  computer. 

3.  Results  and  Discussion 

3.1  Hie  absorbance  of  MnSC^-HoSO^  solutions  exhibit  marked  decrease 
in  comparison  with  MnSO^  solution  at  peak  wave  length  208um.lt  shows 
possible  existence  of  fh2+  complex  ion. 

In  Figl, there  are  two  maxima  on  the  curve  where  MnSOi :H2S04  mol  ratio 
are  2:1  and  1:1  respectively .The  only  (2:1 )  ratio  will  be  considered 
because  it  is  the  condition  of  industrial  importance .As  shown  in  Fig2, 
the  limiting-current  is  increased  with  the  increasing  of  mol  ratio  of 
lnS04  ^oSO^j,  and  it  should  be  constant  when  mol  ratio  of  KnS04 :H2SC4  is 
larger  than  2:1. Hie  potassium  sal t( prepared  from  2MnS04  : lEpSO^j  solution) 
identificated  by  X-ray  belongs  to  K2f^2(SC4  )j)  .From  these  experimental 
facts,  the  possible  existerce  of  (KnjCSC^  )}J  2-  complex  anion  in  f'nSC4- 
H2SO4  solution-. can  be  suggested-.  - — - —  — 

3.2  As  shown  in  T.ablel ,  the  concentration  of  tti'  +  and  KnO^  are 
estimated  to  be  1xlO-<JM  in  fr«iS04-H2S04  system  during  electrolysis  .The 
result  is  contrary  to  tne  literature  which  indicated  ~c  M1C4  formation 
at  0.5KH2S04  and  (Kn2+J>0. 1M. 

3.3  In  the  electrolytic  inSC4-H2S04  solution  as  the  E2SO4  increases, 

the  (M1C4J  decreases  and  increases. 

5.4  From  Fig. 2, the  limiting-current  reaches  maximum  when  mol  ratio 
of  KnG04 ;H22C4  is  equal  to  or  larger  than  2:1. And  further  experiments 
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show  that  Ii  does  not  depend  on  rotation  velocity  of  electrode. These 
facts  indicate  that  the  existence  of  complex  ion  is  possible  and  If  is 
related  to  (Mn2(S04)jJ2~  concentration  and  not  to  Kn2+body  concentration. 
Therefore, a  part  of  the  electrode  kinetics  may  be  considered  as  follows: 
First, the  dissociation  reaction  proceeds 

(«n2(S04)j]  2“  2Ka2+  +  3S0|~  ;  and  then 

the  following  two  series  electrode  reaction  simultaneously  occur: 

a)  Kn^-e  — ►  VxJ* ,  2Kn3++  H2C  =  Mn02+Mn2++  H* 

b)  4Mn2+  +  8Kn04  +  8H+  =—  5Kn3+  +  4H2O, 

2Kn^  +  H2C  =—  Mn02  ♦  Kn2+  +  H+ 

3.5  The  fact  that  the  current  efficiency  of  EMD  by  electrolyzing 
nearly  neutral  MnSO^  solution  i3  not  lower  than  in  acidic  solution 
(approximate  eoual  concen tration  of  can  be  explained  by  the 

presence  of  more  MnO^  during  electrolysis. 

4.  Conclusions 

4.1  In  MnS04-H 23C4  solutions,  there  is  possibly  the  presence  of 
r.vn2(3C4)jJ  2~  complex  anion. 

4.2  During  electrolyzing  of  industrial  conditions, the  concentrations 
of  MoCj  and  MV+  have  estimated  to  be  1  x  V'f4M  order  of  ra.~nitude. 

4.3  Two  series  of  electrode  reactions  as  shown  above  must  be 
considered. 
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Table  1  .The  concentrations  of  various  species  in  Mr.oC^-ncSCd 
solution  during  electrolysis  at  95*C, anodic  current 
density  1A/dm  ,pb-sb  alloy  rod  as  anode. 
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KINETICS  OF  Zn  (’ll)  REDUCTION  AT  THE  Hg  ELECTRODE 
FROM  WATER  *  OIMETHYLFORMAMIDE  MIXTURES 

0.  TARASZEWSKA  and  A.  WAtgGA 

Institute  of  Physical  Chemistry,  Polish  Academy  of  Sciences, 
Warsaw  (Poland) 


In  the  course  of  our  studies  concerning  the  electroreduc¬ 
tion  of  cations  from  non-aqueoue  and  mixed  solvents  we 
were  interested  in  reduction  of  Zn  (II)  from  H_0  dimethyl- 
formemide  (DMF)  *  0.9  M  NaClO.  in  the  entire  composition 
range  of  the  mixture  as  well  as  to  check  which  factors  are 
mainly  responsible  for  the  course  of  the  rate  constant  vs. 
solvent  composition. 

The  kinetic  parameters  were  determined  polarogrenhica lly , 
by  impedance  bridge  and  by  cyclic  voltammetry.  The  dependen¬ 
ce  of  the  standard  rate  constant  of  Zn  (il)  electroroduction 
on  the  DMF  content  is  shown  in  Fig. 1  together  with  the  lite¬ 
rature  data  b  for  Mn  (II)  .  The  rate  constant  of  Zn  (il)  ele¬ 
ctroreduction  passes  through  a  maximum  at  small  %  vol.DMF 
and  through  a  minimum  at  high  concentration  of  this  solvent 
in  the  mixture. 

The  kinetic  parameters  of  the  electrode  reactions  in  H_0+ 
organic  solvent  mixtures  depend  on  the  adsorption  of  the 
organic  solvent  which  modifies  the  structure  of  the  double 
layer  at  the  electrode  surface  as  well  as  on  the  properties 
of  the  bulk  of  solution.  Therefore,  the  study  of  adsorption 
of  the  organic  component  of  the  mixture  at  the  electrode  as 
well  as  the  information  about  the  solvation  of  the  reactant 
in  the  bulk  of  solution  and  in  the  surface  phase  are  impor¬ 
tant. 

The  differential  capacitance-potential  curves  and  the  po¬ 
tentials  of  zero  charge  (pzc)  were  measured.  The  potentials 
of  Zn  (il)  electroreduction  from  H-O  ♦  DMF  mixtures  ere  very 
near  to  the  potentials  of  maximum^sdsorpt ion  of  DMF  from 
those  mixtures.  Using  the  capacitance  data  the  degree  of  ele¬ 
ctrode  surface  coverage  6  by  DMF  was  calculated. 

The  values  of  pzc  were  used  to  determine  the  charge-po¬ 
tential  curves  what  allowed  to  calculate  the  potentials 
at  the  formal  potentials  of  Zn  (il)  electroreduCtion.  Taking 
into  account  Frumkin's  correction  there  was  no  change  in  the 
shape  of  the  plot  of  the  rate  constant  vs.  solvent  composi¬ 
tion. 

The  equilibrium  potentials  of  the  Zn f I l) /Zn (Hg)  system 
were  oeosured  vs.  aq  NCE  and  than  they  were  related  to  the 
solvent  -  independent  redox  reference  systems:  BCr,  Fc  and 
Cic.  Thi9  allowed  to  estimate  the  free  energies  of  transfer, 
6G  ,  of  Zn  (il)  ions  from  aq.  0.9  M  NaCIO,  to  H20  ♦  DMF  «• 

0.9  h  NaClO^  mixtures.  The  results  are  shown  in  Fig. 2. 
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Fig. 1.  Standard  rate  con¬ 
stants  of  the  Zn(ll)/  Zn(Hg) 
and  Mn(ll)/  Mn  (Hg)  systems 
vs.  DMF  content  in  the 
mixture. 


Fig. 2.  Changes  in  the  tra¬ 
nsfer  energies  of  Zn(Il) 
ions  from  aqueous  solutions 
of  0.9M  NaCIO .  to  HO  + 

DMF  ♦  0.9M  NaCIO .  mixtures 
referred  :  to  the  Cic  redox 
system  (curve  l) ,  to  the 
BCr  redox  system  (curve  2) 
end  to  the  Fc  redox  system 
(curve  3  )  . 
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In  the  entire  composition  range  of  the  HO  +  DMF  mixture 
AG  of  Zn  (II)  are  negative,  however  upzto  30%  vol.DMF 
the  values  are  small  and  do  not  allow  the  unambigoua  con¬ 
clusions  concerning  the  preferential  solvation  of  Zn  (II)  to 
be  made.  At  higher  DMF  contents  the  preferential  solvation 
of  Zn  (II)  in  H_0  +  OMF  mixtures  end  especially  in  pure  OMF , 
compared  to  pure  H_0  is  found.  However,  the  observed  effects 
are  smaller  than  in  dime thylsulf oxide  (DMSO)  end  H_0  ♦  DMSO 
mixtures  studied  by  us  previously  3  .  We  consider  the  values 
of  aG  expressed  in  the  Fc  and  Cic  potential  scalee  too 
high  and  in  the  interpretation  of  the  influence  of  the  se¬ 
lective  solvation  of  Zn  {l l)  ions  on  the  kinetics  of  the  ele¬ 
ctrode  process  we  used  the  values  of  AG  of  Zn  (’ll)  expre¬ 
ssed  vs.  BCr  system.  r 

From  among  numerous  factors  which  are  responsible  for  the 
changes  in  kinetics  of  cations  electroreduction  from  mixed 
solvent  the  most  important,  independently  on  the  basisity 
of  the  organic  solvent,  we  consider:  l)  the  correction  for 
the  concentration  of  the  reactant  in  the  surface  phase,  in¬ 
troduced  by  Behr  et  al.  and  2)  the  activation  energy  of 
the  electrode  process.  Both  these  factors  were  taken  into 
account  in  the  interpretation  of  the  results  of  Zn(ll)  ele¬ 
ctroreduction  from  H^O  ♦  DMF  mixtures. 
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CHEMICAL  AND  ELECTROCHEMICAL  REACTIONS  OF  HYPOPHOSPHITE 
ON  Ni  AND  Pd  ELECTRODES. 

G.  BECH-NIELSEN ,  C.  OVIST  JESSEN  AND  J.C.  REEVE 
Chemistry  Department  A,  Building  207 
The  Technical  University  of  Denmark 
DK-2800  Lyngby ,  Denmark 


In  one  of  the  technically  important  chemical  nickel  plating 
processes  nickel  ions  are  reduced  specifically  on  a  Ni  or  Pd 
surface  by  hypophosphi te ,  which  is  oxidized  to  phosphite.  How¬ 
ever,  some  hypophosphi te  reacts  differently  yielding  phospho¬ 
rus,  sc  that  a  Ni-P  "alloy"  containing  some  7-12  %  of  P  (w/w) 
results. 

Electrochemical  examinations  at  90°C,  pH  ca.  7,  using  ro¬ 
tating  disc  electrodes  of  Ni  and  Pd  in  solutions  containing 
chloride,  citrate  and  varying  amounts  of  hypophosphi te  showed 
seme  change  of  the  cathodic  portion  of  the  polarization  dia¬ 
gram  (hydrogen  evolution),  and  an  anodic  Tafel  region,  which 
near  to  plating  conditions  changes  into  a  limiting  cd  (inde¬ 
pendent  of  speed  of  rotation  of  the  electrode,  but  concen¬ 
tration  dependent). 

Among  many  features  two  will  be  emphasized:  i)  The  high 
anodic  Tafel  mV-law  combines  with  a  lew,  fractional  reaction 
order  wrt  hy pophosph i te  to  suggest  a  Freundlich  adsorption 
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isotherm.  ii)  A  reduction  of  hypophosphi te  to  phosphorus  in 
the  potential  region  of  plating  is  thermodynamically  unfavour¬ 
ed.  However,  disproportionation  of  hypophosphi te  into  phos¬ 
phite  and  phosphorus  may  take  place,  conditioned  by  adsorption 
on  the  electrode,  but  independent  of  potential.  If  so,  the  oc¬ 
currence  of  an  anodic  peak  (at  low  potentials)  can  be  ascribed 
to  oxidation  of  a  surplus  of  phosphorus  deposited  during  a 
preceding  cathodic  process. 


Fig.  1.  Reaction  order  plot  of  the  anodic  oxidation  of  hypo- 
phosphite  on  a  smooth  Pa-electrode. 

Solution:  0.5  M  Na-citrate,  0.5  M  NaCl,  pH  =  6.8.  90°C. 

Values  of  cd  obtained  by  extrapolation  of  Tafel  lines 
(slopes:  224  to  299  mV)  to  -100  mV  nhe . 
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ON  THE  ELECTRODEPOSITION  OP  CARBON  PROM  NaP-ALPj  MELTS 
SATURATED  WITH  ALUMINIUM  CARBIDE. 

R.  0DECARD,  A.  STERTEN  AND  J.  THONSTAD 

Laboratories  of  Industrial  Electrochemistry,  and  SINTEP, 
The  Foundation  of  Scientific  and  Industrial  Research 
at  the  Norwegian  Institute  of  Technology, 

N-7034  Trondheim-NTH,  Norway. 


Two  subjects  related  to  solutions  of  aluminium  carbide  in 
NaF-AlP3  melts  were  studied: 

1)  The  equilibrium  concentration  of  dissolved  aluminium 
carbide  in  NaP-AlP3  melts. 

2)  The  electrodeposition  of  carbon  from  aluminium  carbide 
saturated  melts. 

Solubility. In  the  solubility  experiments  a  graphite  crucible 
with  a  close  fitting  graphite  lid,  containing  140g  of  molten 
salt  and  25g  of  aluminium,  was  placed  in  the  isothermal  zone  of 
a  vertical  Kanthal  furnace  with  argon  atmosphere.  During  a 
holding  time  of  5-6  hrs  at  temperature,  aluminium  carbide  was 
formed  by  reaction  between  aluminium  and  the  graphite  crucible, 
saturating  the  melt.  After  removal  of  the  lid  a  melt  sample 
(3g)  was  taken  with  a  steel  ladle  that  was  lowered  from  the  cold 
part  of  the  furnace.  The  aluminium  carbide  content  of  the  sample 
was  determined  from  the  volume  of  CH^(g)  evolved  by  treatment 
with  a  10%  HC1  solution.  The  hydrolysis  apparatus  was  similar  to 
that  described  by  Rogers  et  al.*. 

Pig.  1.  shows  the  concentration  of  dissolved  aluminium  carbide 
as  a  function  of  the  NaF/AlF?  molar  ratio  (CR)  at  1020°C.  The 
full  line  represents  the  best  fit  for  a  model  based  on  the 
equation 

A14C3(s)  +  5A1P3 (diss )  +  9NaP (1)  -  3A13CF83'+  9Naf  (1) 

Activity  data  for  A1P3  and  NaF  given  by  Sterten  and  Maland2  were 
used  in  the  calculations. 

Dewing3  has  previously  measured  the  solubility  of  aluminium 
carbide  in  NaP-ALP3  melts  for  1.6<CR<4.5,  as  shown  in  Pig.l. 

The  present  data,  although  higher  in  carbide  concentration,  are 
in  fair  agreement  with  those  of  Dewing.  Because  Dewing's 
measurements  were  not  extended  to  low  CR's,  the  concentration 
peak  shown  in  Pig.l  was  not  detected.  The  broken  line  in  the 
figure  is  our  representation  of  Dewing’s  data. 
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Electrodeposltlon  of  carbon.  It  was  found  that  carbon  could  be 
electrodeposited  by  electrochemical  oxidation  of  dissolved 
aluminium  carbide.  Voluminous  deposits  were  obtained  on 
electrodes  made  of  graphite,  vitreous  carbon,  iron,  tungsten 
and  platinum.  The  carbon  deposit  was  found  to  be  amorphous  by 
x-ray  diffraction  analysis .Based  on  the  weight  loss  when 
burning  the  carbon  deposits  the  number  of  electrons  exchanged 
pr  mole  of  deposit  was  calculated  to  be  *4  when  assuming  100% 
current  efficiency  for  the  deposition  reactions. 

Pig.  2  depicts  carbon  deposits  on  iron,  vitreous  carbon  and 
tungsten  electrodes.  Similar  anodic  deposits  were  obtained  by 
Morris  and  Harry4  in  LiCl-CaCl2  melts  containing  dissolved  CaC2- 

In  Fig. 3  is  shown  an  example  of  potential  decay  curves  recorded 
in  carbon  Reposition  experiments.  A  constant  current  of  5A 
(-0.5  A/cm-)  was  disconneted  at  time  zero.  The  potential 
difference  between  an  aluminium  electrode  and  a  vitreous  carbon 
electrode  with  carbon  deposits  on  it  was  recorded.  The  potent¬ 
ial  plateau  which  is  clearly  visible  in  the  figure,  corresponds 
to  an  aluminium  carbide  formation  cell.  The  semi-stable 
potential  was  +127  mV  versus  the  aluminium  electrode.  This 
gives  AC^CAl^Co)  -  -  35.108  kcal/mol  at  the  temperature  of  the 
experiment  (1013°C) .  The  interpolated  JANAP5  data  is  AG^Al^Cj) 

'  -  34.165  kcal/mol  at  that  temperature.  The  difference  is 
within  the  limits  of  error  indicated  in  JANAP. 
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CR  iwolar  rj»io) 

Pig.l. 

Concentration  of  dissolved 
aluminium  carbide  as  a  function 
of  the  NaF/AlPj  molar 
ratio  (CR)  at  I 020°C. 

•  -  present  work; 
o  -  Dewing3.  The  full  line 
represents  the  model  given  by 
equation  (1) . 
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Pig. 2. 

Electrodeposited  carbon 
on  electrodes  of; 

1:  iron,  2:  vitreous 
carbon  and  3:  tungsten. 
Melt  composition: 

CR  -  1.50, 
temperature :1000°C, 
total  current:  1-5  A. 


P ig . 3  . 

Potential  decay  curve  in  a  carbon 
deposition  experiment.  The  potential 
of  a  vitreous  carbon  electrode  with 
carbon  deposit  was  measured  versus 
an  aluminium  electrode.  At  t<0, 

I  -  5A  (  0. 5  A/cm2) . 

Temperature:  1013°C,  CR  -  1.50. 
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ANODIC  REDUCTION  OF  THE  PERCHLORATE  ANION.  INFLUENCE  OF  pH  AND 

ANION  CONCENTRATION. 

Ma  J.  GonzSlez  Tejera 

Institute  of  Physical  Chemistry,  C.S.I.C.,  Serrano,  119 
28006  Madrid,  (Spain) 


The  slow  cyclic  voltammetry  of  electrodeposited  ru 
thenium  electrodes  (Ru/Pt)  in  CIO4  solutions  exhibits  a  current 
reversal  during  the  positive  sweep  of  the  hydrogen  region  (1). 
This  has  been  shown  to  be  due  to  the  electrocatalytic  reduction 
of  perchlorate  anion  to  chloride  ion.  This  phenomenon  was  also 
observed  on  black  Pt,  Os  (1),  Rh  (2)  and  bright  Ir  (3)  electro¬ 
des  and  depends  markedly  on  the  solution  temperature  and  concen 

tion. 


The  results  suggest 
that  ClO^  reduction  on  Ru 
electrodes  proceeds  very 
slowly  by  interaction  of 
the  anion  and  hydrogen  ad¬ 
sorbed  on  the  electrode. 
Thus,  this  work  attempts  to 
study  the  influence_of  the 
solution  pH  and  Cl04  concen 
tration  on  this  reduction. 

Cyclic  voltammetry  of 
Ru/Pt  electrodes  in  perchlo 
rate  solutions  at  constant 
pH  shows  an  increase  of  cu 
rrent  reversal  and  a  shift 
of  the  maximum  current  po¬ 
tential  to  more  negative  va 
lues  with  anion  concentra¬ 
tion  (Fig.  1).  Doth  effects 
are  enhanced  by  the  solu¬ 
tion  temperature.  The  poten 
tial  region  in  which  the 
CIO4  reduction  occurs  is 
also  widened  by  increasing 
the  perchlorate  concentra¬ 
tion  . 

The  raising  of  the  so¬ 
lution  pH,  at  constant 
anion  concentration,  produ 
ces  a  decrease  of  the  cu¬ 
rrent  reversal  until  its  to 
tal  suppresion  at  pH  =  1 
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(Fig.  2),  although  this  limit  depends  on  CIO4  concentration 
and  temperature.  It  seems  that  the  anion  reduction  to  Cl”  is 
favoured  at  a  certain  pH  which  value  raties  with  CIO4  concen¬ 
tration  . 


The  voltammetric  CIO4  reduction  appears  as  a  very 
complex  reaction  but  some  considerations  about  its  kinetics 
can  be  made  from  the  results  obtained. 
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THERMODYNAMIC  AND  STOICHIOMETRIC 
ASPECTS  OP  THE  PODRBAU  DIAGRAMS  DERIVATION 


ILIE  F.FISHTIX 

Institute  for  Chemistry  of  the  Academy  of  Sciences 
of  the  M.S.S.R., 277028, Kishinev, ul.Grosula,3,  (U.S.S.R) 


Potential-pH  diagrams  are  of  great  importance  in  many 
fields  of  science. Pourbaix  was  the  first  who  derived  a  lot  of 
such  diagrams  and  emphasizes  their  utility  in  the  field  of 
corrosion. In  order  to  make  the  further  discussion  more  concre¬ 
tely,  let  us  consider  the  pH  dependence  of  the  redox  potential 
of  the  system  where  both  the  oxidizing  -  Ox, and  reducing  - 
Red  forms .undergoes  hydrolysis  as  pH  is  changed  to  give  hydro- 
xo  complexes  Ox, -(OH):  and  Red, (OH);  .The  formation  of  hydroxides 
(oxides)  precipitates  OxCOHL^  and  RedCOH),^  is  also  included 
here. Hence, the  equilibrium  in  such  a  system  may  be  described 
by  the  following  set  of  equations: 


Ox  +  He  “  Red 


(1) 


i  Ox  +  jHz0  »  0x,  (0H)j  +  jH 

h 

(2) 

p  Red  +  c|Ha0  *  Redp(0H)c^  +  c^H 

A  A 

(3) 

Hero  P:'j  and  are  the  equilibrium  constants  of  the  cor¬ 

responding  hydrolysis  reactions. 

The  potential  dependence  on  pH  in  such  a  system  within 
the  traditional  way  of  Pourbaix  diagrams  derivation  is  repre¬ 
sented  by  a  linear-step  system  of  functions .The  letters  cor¬ 
respond  to  the  set  of  equations  of  the  form: 


0x-(0H)j  +  (^"j)HiO  +  ze  -  RedpCOH)^  +  (c(-j)H 


(4) 


0*/R*d 


(5) 


where  0c*  and  0^  are  the  total  concentrations  of  the  oxidi¬ 
sing  and  reducing  forms  correspondingly .However, this  calcula¬ 
tion  method  of  the  potential-pH  diagrams  is  not  entirely  rego- 
rouB  at  least  for  two  reasons .First, the  electrochemical  set 
cf  equations  (4)  is  uoualy  linear-dependent. For  example, in  the 
ca3e  of  chrom-water  system  Pourbaix  wrote  57  equations, while 
only  11  are  linear-dependent .Second, the  potential-pH  dependen- 
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ce  as  was  stated  above, is  represented  by  a  set  of  linear  func¬ 
tions  while  this  dependence  must  be  represented  by  a  continu¬ 
ous  function. 

In  the  present  work  these  inadequaces  are  eliminated  in 
the  following  way. A  set  of  linear-independent  equations  which 
entirely  describe  the  equilibrium  in  the  system  is  selected 
using  the  linear  algebra  methods. In  our  case, the  analysis 
shows, that  the  most  convenient  are  the  equations  (1}-(3)*?o 
derive  a  continuously  potential-pH  function  the  generalized 
interaction  equation  of  all  the  species  presented  in  the  sys¬ 
tem  is  introduced. The  latter  has  the  form: 


Here  and  represents  the  partial  molar  fractions  of 

the  corresponding  species: 

%  M"  tHp 

J-  1  IOxV  [HP  (7) 

iW1  ran  . 

P  CL  '  ”  Pv 

The  sums  in  brackets  in  equation  (6)  eb  one  can  be  easily  con¬ 
vinced,  represents  the  Bjerrum  functions: 


(9> 

Equation  (o)  was  derived  under  the  assumption  that  the 
species  reacts  or  are  formed  as  a  result  of  the  reaction  in 
proportion  to  their  partial  molar  fractions  and 

Such  an  assumption  is  necessary  to  take  into  account  tne  mass 
balance  in  equation  (6). 

The  regorous  thermodynamic  analysis  of  the  equation  (6) 
leads  us  to  the  following  expression  for  the  redox  potential: 


□17  ik  + 
TO  & 


(10) 


+ 


RT 

z  F 


+ 


1, 
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The  generalized  character  of  equations  (6)  and  (10)  as 
compared  with  equations  (4)-(5)  consists  in  the  fact, that  the 
latters  are  a  special  case  of  the  first. Indeed, one  can  easi¬ 
ly  be  convinced, that  when  and  and  therefor  n  and  m 

are  integers,the  equation  (6)  takes  the  form  of  equation  (4). 
In  the  same  conditions  the  equation  (9)  takes  the  form  (5). 

Hence, the  following  sequence  of  the  Pourbaix  diagram  de¬ 
rivation  is  proposed. First, the  thermodynamic  characteristics 
of  the  set  of  equations  (1)-(3)  are  determined: 

+  jK«  -  iw*  -  W*  =  -  rt  up, j 

P"  R«4p(QH)^  +  ~  “  Pp-tUd  =  “  RT 

Further, the  partial  molar  fractions  and  as  well  as 

the  Bjerrum  functions  n  and  m  are  calailated.As  the  polynucle 
ar  hydroxo  complexes  are  present  in  the  system, it  is  necessary 
to  solve  tne  mass  balance  equations: 


10*;  (OH^l =■ [0*]  do. 


22  P  t^a.COH)^  - 

o  r i  * 


where 


^o,  *  * 


p 

The  equations  (11)-(12)  are  solved  relative  to  [Ox]  and  [Red] 
at  various  pH. The  substitution  of  the  Ox  and  Red  in  equa¬ 
tions  (7)  and  (8)  permits  the  calculation  of  ,  W  ,  n 

and  m. Simultaneously  one  can  determine  the  stability  field  of 
the  hydroxo  species(the  vertical  lines  on  the  diagram) .The  po 
tential-pH  dependence  is  represented  by  a  single  continuous 
function  ( 10) . 

The  present  calculation  method  can  be  easily  generalized 
for  systems  where  many  other  complexation  reactions  occur .So¬ 
me  examples  of  concrete  calculations  are  given. 


AV. 
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NUCLEATION  AND  GROWTH  MECHANISM  APPLIED  TO  THE  LOCALIZED 

CORROSION  OF  METALS 

R.C.  Salvarezza,  V.D.  Vasquez  Moll  and  A.J,  Arvia 
Instituto  de  Investigaciones  Fisicoqufmicas  Teoricas  y  Aplicadas  -  (INIFTA) 
Cas 111a  de  Correo  16,  Sucursal  4,  (1900)  La  Plata,  ARGENTINA 


INTRODUCTION 

Localized  corrosion  involves  the  passive  film  breakdown  loca^ 
ly  as  a  result  of  the  attack  of  the  corrosive  environment.  This 
process  requires  the  presence  of  aggressive  anions  acting  on  the 
passive  layer.  It  starts  when  the  applied  potential  (Es)  exceeds 
a  critical  value  { E  b )  •  The  overall  localized  corrosion  process 
involves  film  breakdown  and  pit  proDagation.  Film  breakdown  is 
strongly  dependent  on  both,  thickness,  composition  and  degree  of 
perfection  of  the  passive  film  and  pH,  type  and  concentration  of 
the  aggressive  anion.  Film  breakdown  implies  an  induction  time 
(ti)  and  terminates  with  the  appearance  of  a  sudden  rise  in  the 
current  density  associated  with  pit  growth.  Frequently,  two  dif¬ 
ferent  types  of  pits  are  observed.  Small  crystallographic  pits 
(etch  pits)  detected  in  early  stages  of  pitting  and  hemispheri- 
ca  1  pits  which  appear  later.  In  this  case,  dissolution  at  the 
pit  bottom  resemble  anodic  brightening  where  a  non  protective 
salt  film  is  present.  However,  there  is  some  evidence  that  the 
degeneration  of  the  metal  surface  occurs  prior  to  the  appearance 
of  the  pits  and  it  is  related  to  the  contamination  of  the  passive 
film  by  a  salt  layer  of  the  aggressive  anion. 

In  this  study  an  attempt  is  made  to  describe  the  kinetics  of 
tne  overall  process  under  po ten t i os ta t i c  conditions  on  the  basis 
of  the  nucleation  and  growth  theories  considering  a  serie  of 
stages  where  at  least  two  different  phases  are  involved. 

1 .  Film  breakdown 

Under  a  constant  potential  step  at  Es  <  Eq ,  the  instantaneous 
average  anodic  current  density  (jt)  can  be  associated  with  two 
main  contributions  namely  the  passive  layer  growth  (jp)  and  the 
corrosion  current  density  through  the  passive  layer  (jc).  Thus, 

^t”^p+^c  ( 1 ) 

It  is  assumed  that  both  processes  are  controlled  by  diffusion  of 
cations  and  oxygen  containing  species  through  the  passive  layer. 
In  this  case  the  instantaneous  value  of  jp  can  be  related  to  an 
instantaneous  nucleation  and  circular  bidimensional  growth  under 
diffusion  control.  The  corresponding  expression  is: 

jp  =  p!  cxp( -P^t )  (2) 

where  Pj  =  q„Ion"KeDN0  and  =  -K<,Dh0,  D  is  the  diffusion  coef¬ 
ficient  of  the  reacting  species,  q^on  is  the  charge  density  i e- 
d a 1  red  for  the  constant  full  coverage  of  the  metal  surface  by  the 
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passive  layer,  Ke  is  a  proportionality  constant  and  N0  is  the 
number  of  sites  available  for  nucleation. 

On  the  other  hand,  the  rate  of  metal  corrosion  through  either 
the  prepassive  or  passive  layer  appears  as  the  dissolution  of 
tridimensional  nuclei  under  diffusion  control  following  the  rate 
equation: 

P, 

jc  -  | 1 . 0  -  exp ( -P4t )  |  (3) 

1/2  1/2 

where  P3  =  zFO  Ac/m  and  P4  =  mN0 ‘ KgD 1  ,  Ac  is  the  concentra¬ 
tion  difference  of  the  diffusing  species,  N0’  is  the  number  of 
sites  available  for  the  dissolution  process,  D'  is  the  diffusion 
coefficient  of  the  species  involved  in  the  process  and  Ke  is  a 
proportionality  constant. 

The  oxide  growth  can  be  assigned  to  the  diffusion  of  oxygen 
containing  species  while  the  corrosion  current  can  be  related  to 
the  cation  diffusion  through  the  passive  film.  Using  equation 
(2)  and  (3)  the  characteristic  decreasing  current  transients 
recorded  for  E$  <  Ep  or  in  the  absence  of  aggressive  anions  can 
be  reproduced  and  Pj,  P 2 »  P  3  and  P4  estimated.  P 1  / P 2  oives  the 
charge  density  required  to  complete  the  passive  film  ( qmon )  and 
from  it  the  film  thickness  (h)  is  calculated  using 

.  M 
h  -  —  <r-  q 

zFo  non 

where  M  is  the  molecular  weight  and  p  is  the  density  of  the  layer 
component.  On  the  other  hand, from  P3  and  P4,  it  is  possible  to 
obtain  ,\c  and  N0 ,  respecti  vely .  For  different  systems  reasonable 
values  for  h,  Ac  and  N0  are  estimated.  Now,  suppose  that  at  Es  > 
Ep  the  nucleation  and  growth  of  a  salt  of  an  agqressive  anion 
competes  with  the  passive  film  formation  (stage  1).  According  to 
nucleation  and  growth  theories  the  nuclei  stability  depends  on 
its  radius.  The  nucleous  starts  to  grow  when  the  radius  (r)  exce 
eds  a  critical  value  ( r * )  and  it  disappears  when  r  is  smaller 
than  r*.  When  r  >  r  *  nuclei  grow  into  the  passive  film  (stage  2) 
and  jc  becomes  more  complex  because  the  current  flowing  at  the 
film/salt  nuclei  interphase,  The  latter  can  be  assigned  to  an 
instantaneous  nucleation  and  growth  of  conical  nuclei  into  the 
film  under  charge  transfer  control.  Thus,  equation  (3)  becomes 

P 

jc  =  7\  [1.0  -  exp(-P4t)!  ♦  P 5 [ 1 . 0  -  exp(-P6t2)|  (4) 

P  5  =  zFK3C',  Pg  =  -tm|K3C2n0S/p|  .  I<3C  and  K  3  c  ’  are  the 
rate  constants  for  the  layer  growth  in  the  directions  parallel 
and  perpendicular  to  the  metal  olar.e,  respecti  vely ,  os  is  the 
salt  density  whose  molecular  weight  is  Ms,and  N0s  is  the  number 
of  sites  available  for  the  dissolution  process.  The  right  hand 
side  of  equation  (4)  corresoonds  to  the  apparent  corrosion  cur¬ 
rent  density  which  flows  at  the  salt/passive  film  interphase. 
Considering  that  the  latter  is  larcier  than  the  corrosion  current 
density  through  the  oxide  layer,  from  (4)  it  results: 

Jc  P5  1.0  -  exp(-P6t2)  i  (5) 

Finally, at  certain  points  of  attack  the  passive  film  can  be  to¬ 
tally  removed  and  the  metal  surface  exposed  to  the  electrolyte. 
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Processes  related  to  stage  1  and  2  involves  a  time  which  cor¬ 
responds  to  ti  , 

2 ,  P i t  Growth 

In  the  uncovered  regions  salt  nuclei  growth  into  the  metal. 
This  process  can  be  described  as  a  new  nucleation  and  growth 
process  which  concentrates  at  defective  sites  of  the  metal  sur¬ 
face  such  as  the  termination  points  of  dislocations  or  grain 
boundaries  leading  to  "etch”  pits  (stage  3).  The  growth  of  salt 
nuclei  in  to  the  metal  can  be  assigned  to  an  instantaneous  nuclea_ 
tion  and  conical  qrowth  under  charge  transfer  control. The  appa¬ 
rent  current  density  (js)  related  to  this  Process  becomes: 
js  =  P7(1.C  -  exp |  P j ( t - 1 i  ) 2  |  }  (6) 

where  P  7  and  Pg  have  the  same  significance  than  P5  and  P6  res¬ 
pectively.  Using  equations  (2),  (5)  and  (6)  the  initial  part  of 
the  current  transient  at  Es  >  Eh  is  reproduced  and  P7  and  P8  are 
obtained.  The  slooe  dE/d(log  Pyjand  dE/d(log  P8)gives  reasonable 
values  for  different  systems.  This  dependence  is  comparable  to 
that  of  the  pit  current  density  on  potential  already  reported  in 
the  1 i tera ture  .  E va 1 ua t i on  of  the  pitted  area  (Ap)  leads  to  the 
penetration  rate  ( P 7 / A p )  which  is  comprised  between  0.01  A/cm?  to 
10  A  /  cm?  for  different  systems  studied. 

During  metal  dissolution, corrosion  products  accumulate  inside 
the  pits  changing  the  kinetic  of  nit  growth  from  a  charge  trans 
fer  to  a  diffusional  control.  This  change  is  closely  related  to 
the  transition  from  "etch"  to  ''hemispherical"  shaped  pits.  The 
metal  dissolution  at  the  pit  bottom  becomes  similar  to  transpas¬ 
sive  dissolution  controlled  by  diffusion  (stage  4).  In  this  case 
equation  (6)  is  not  longer  valid.  The  growth  of  salt  nuclei  at 
this  stage  can  be  reoresented  by  an  instantaneous  nucleation  and 
tridimensional  growth  under  diffusion  control.  Thus, 

V  =  1 1.0  -  exp  j -P  1Q( t- tt )  |  }  (7) 

where  P9  =  zFD+/2  Ac  +  /-1/2  and  P10  =  “Nos ' KsD  +  N0s  '  *  Nos  denotes 
the  number  of  sites  available  for  the  precipitation  of  a  thick 
salt  layer,  Ks  is  a  proportionality  constant,  D+  and  Ac+  are  the 
diffusion  coefficient  and  the  concentration  difference  of  the 
reacting  species  and  tt  is  the  transition  time  required  for  the 
precipitation  of  the  corrosion  products. 

The  present  model  is  used  to  interpret  pitting  data  from 
potent i os ta ti c  current  transients  complemented  with  optical  and 
other  electrochemical  techniques  of  nickel,  copper  and  mild  steel 
in  the  presence  of  different  aggressive  anions  and  through  the 
physical  meaning  of  the  different  adjusting  parameters  a  reason¬ 
able  understanding  of  the  pitting  phenomena  is  accomplished. 
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The  anodic  behaviour  of  X60  steel  in  IN  Na2C0j-NaHC0j  solutions  has 
been  investigated  by  current  decay  and  potent lodynamic  measurements. 

It  has  been  shown  that  current  decay  curves  are  only  useful  as  comp£ 
rative  data  1*2.  To  try  to  recognize  the  existence  of  an  intermedia¬ 
te  range  of  current  decay  between  the  faster  and  slower  rates,  for  - 
which  the  system  may  be  susceptible  to  stress  corrosion  cracking 
(SCC)  is  a  very  subjetive  task.  The  current  decay  for  -650mV,  a  po-- 
tential  value  which  lies  whithin  the  experimentally  determined  cra£ 
king  potential  range  -640  *  60mV,  shows  a  linear  semi logaritmic  fun£ 
tional  realtionship  in  the  decay  throughout  the  whole  test  period  - 
(80  minutes),  Figure  1.  This  behaviour  is  fundamental  in  relation  to 
the  necessary  balance  between  an  active  electrode  and  a  passive  one. 

It  was  also  observed  that  the  correlation  between  crack  velocity  and 
the  initial  disolution  current  measured  from  current  decay  curves, 
is  very  poor;  this  fact  suggests  therefore,  a  strong  filming  tenden¬ 
cy  of  the  bare  metal  produced  at  the  crack  tip  when  exposed  to  the  - 
solution. 

Potent iodynamic  polarization  curves  overcame  the  lack  of  definition 
present  in  the  current  decay  measurements  and  provided  us  with  an 
accurate  prediction  of  the  electrochemical  requirements  for  cracking, 
as  well  as  the  involved  kinetic  parameters.  An  inspection  of  the  ano 
die  behaviour  of  X60  steel  contained  in  these  curves,  and  the  use  of 
the  empirical  condition  of  the  largest  difference  in  current  density 
between  fast  and  slow  curves,  showed  that  the  potential  value  for  -- 
cracking  lies  around  -640mV;  Figure  2.  Indeed,  it  is  an  experimental 
fact  that  X60  steel  is  most  susceptible  to  SCC  within  a  narrow  range 
around  the  experimental  value. 

The  anodic  polarization  curve  showed  two  well  defined  oxidation  peaks. 
The  predicted  SCC  range  lies  within  the  thermodynamically  stable  zone 
of  FeC(L.  As  a  consequence  of  these  results,  the  non-protecting  chara£ 
ter  allegedly  conferred  by  FeCO.  to  the  system  requires  further  revi¬ 
sion  3. 

The  existence  of  the  stable  iron  complex  FetCO.)^-  in  Fe-CC^'H^O  -- 
systems,  has  been  studied  and  supported  on  thermodynamic  grounds,  Fi¬ 
gure  3-  The  mechanism  describes  adequately  the  behaviour  for  iron  in 
the  present  system  and  its  concentration  for  the  conditions  under 
study. 
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Work  on  the  effect  of  cathodic  pre-tratment  on  X60  steels  has  been  done 
by  using  different  cathodic  potentials  and  assessing  their  effect  on  - 
current  maxima  and  current  decay  at  a  fixed  anodic  value  of  potential  - 
during  identica’  periods  of  time  (Figure  4).  It  was  shown  that  the  beh£ 
viour  of  potentiodinamic  and  current  decay  curves  vary  proportionally  - 
as  a  function  of  the  cathodic  value  of  potential  used  to  activate  the  - 
surface  of  the  electrode.  It  was  concluded  that  the  reduction  of  solva¬ 
ted  protons  is  the  major  cathodic  reactions  at  those  potentials. 

But  this  primary  product,  which  is  the  monoatomic  hydrogen,  may  either 
combine  to  form  and  evolve  or  be  absrobed  in  the  metal.  When  the 
electrode  potential  becomes  more  noble  than  tha  reversible  potential 
for  hydrogen  the  resultant  current  density  is  made  up  of  the  sum  of  the 
metal  dissolution  and  the  hydrogen  oxidation  rates.  The  value  of  poten¬ 
tial  at  which  this  effect  begins  to  have  a  measurable  effect  is  around 
-860mV,  very  near  the  equilibrium  potential  for  hydrogen  evolution 
(-840 mV  vs.  SCE). 

Even  when  the  details  of  the  above  described  observations  are  difficult 
to  explain  solely  on  the  basis  of  variations  of  only  one  parameter,  to 
a  first  approx imat ion  the  decesive  influence  of  such  parameter  on  the  - 
behaviour  of  the  system  is  clear. 
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The  oxygen  corrosion  of  iron  and  steels  in  neutral  chloride  solutions  is 
usually  considered  to  be  controlled  by  the  diffusion  of  oxygen  dissolved  in 
the  electrolyte.  Hence,  if  that  would  be  true,  the  better  supply  of  oxygen 
would  mean  the  higher  corrosion  rate  of  the  metal  (if  the  metal  does  not  pas¬ 
sivate,  as  expected  for  the  chloride  containing  solutions).  In  this  work  we 
shall  show  that  the  above  assumption  is  not  always  a  correct  one  and  that 
one  can  observe  the  inverse  effect,  which  should  be  taken  into  consideration 
when  cne  has  the  so  called  differential  aeration,  often  encountered  in  the 
real  corrosion  situations. 

Experimental .  The  cathodic  and  anodic  steady  state  polarization  measu¬ 
rements  were  carried  out  in  a  closed  glass  cell  with  a  rotating  disk  elec¬ 
trode  in  3X  NaCl  solution, the  solution  being  purged  all  the  time  with  air. 
Some  of  the  experiments  were  carried  out  in  a  specially  designed  cell  for  the 
"in  situ"  electrochemical  measurements  in  the  salt  chamber  while  the  electro¬ 
de  was  sprayed  by  the  salt  mist,  as  assumed  by  the  salt  chamber  standard 
test.  The  cell  corresponded  to  the  cell  used  by  Tomashov  for  the  atmospheric 
corrosion  measurements,  except  that  it  was  placed  so  that  a  thin  layer  of  so¬ 
lution  formed  by  the  mist  all  the  time  keeps  the  glass  and  metal  surface 
under  a  thin  layer  of  liquid.  Potentiostatic  steady  state  measurements  with 
the  IR  drop  corrections  were  carried  out  with  the  adequate  instrumentation. 

In  all  the  measurements  steel  C4734( Br i t i sh  equivalent  En40B)  was  used  as  the 
electrode  material.  For  the  independent  determination  of  the  corrosion  rates 
by  the  weight  loss  measurements  the  coupons  of  the  same  material  were  put  in 
the  same  conditions  as  the  measuring  electrodes,  and  the  results  expressed 
as  the  corrosion  current  densities. 

Results  and  discussion.  In  Fig.  1  cathodic  and  anodic  polarization  cur¬ 
ves  for  the  stil  1  electrode  in  the  electrolytic  cell  and  in  the  salt  cham¬ 
ber  are  presented.  As  seen,  the  cathodic  polarization  curve  for  the  sample_? 
in  the  cell  showed  a  well  defined  oxygen  diffusion  current  at  ca.  0.7  mAcm  ‘ 
and  the  anodic  Tafel  line  with  the  slope  of  ca.  100  mV. dec"  .  The  extrapola¬ 
ted  anodic  line  to  Ecor  gave  j,  =  0.25  mAcm'S  which  was  much  smaller  than 
the  oxygen  diffusion  current.  Inmany  similar  experiments  the  el ectrochemi - 
ca 11 y  determined  jcor  by  extrapolation  of  anodic  Tafel  line  were  smaller 
than  the  oxygen  diffusion  current.  A  separate  weight  loss  measurements  Tor 
the  sam  experiment  gave  exactly  the  same  corrosion  rate  (0.25  mAcm*2)  indi¬ 
cating  that  the  metal  in  the  electrolytic  cell  corrodes  under  3  mixed  acti- 
vation  -  diffusion  control  of  oxygen  reduction. 

A  more  detail  analysis  of  the  partial  currents  for  a  still  and  rotating 
electrode  (4500  rpr.)  is  presented  in  Fig.  2.  The  full  lines  represent  the 
experimentally  determined  cathodic  and  anodic  polarization  curves  tor  two 
hydrodynamic  conditions,  while  the  dotted  curves  are  the  partial  oxygen  re¬ 
duction  currents  calculated  from  the  limiting  diffusion  curents  and  the 
experimentally  obtained  cathodic  and  anodic  curves.  The  anodic  Tafel  line 
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did  not  depend  on  the  change  of  the  hydrodynamics,  while  the  cathodic  parti¬ 
al  current  density  depended  not  only  in  the  concentration  polarization  regi¬ 
on,  as  expected,  but  also  in  the  activation  controlled  part,  showing  an  in¬ 
crease  of  the  apparent  exchange  current  density  with  the  increased  rate  of 
oxygen  supply.  The  experimentally  observed  shift  of  the  corrosion  potential 
of  about  25  mV  is  in  very  good  accord  with  the  shift  of  the  intersection 
points  of  the  extrapolated  anodic  Tafel  line  and  the  calculated  partial  , 
cathodic  polarization  curves  (point  a  and  b).  The  slope  of  ca.  120  mV  dec" 
for  the  cathodic  Tafel  line  indicates  that  first  electron  exchange  is  the 
probable  rate  determining  step,  but  a  good  explanation  for  the  increase  of 
the  exchange  current  density  with  the  increase  of  the  speed  of  rotation  can¬ 
not  be  offered  at  this  moment. 

However,  the  fact  that  one  can  evaluate  the  cathodic  Tafel  lines  for 
oxygen  reduction  on  iron,  and  hence,  measure  the  kinetic  cathodic  current 
offers  a  valuable  possibility  for  the  analysis  of  the  mechanism  of  the  oxy¬ 
gen  reduction  reaction  on  iron  in  a  proper  way  as  used  in  electrochemical 
kinetics.  This  possibility  will  be  exploited  in  a  separate  conmunication. 

Even  more  interesting  were  the  polarization  curves  obtained  in  the  “in 
situ"  measurements  in  the  salt  chamber  after  48  h.  As  shown  in  Fig.  1,  again 
the  anodic  Tafel  line  with  the  approximate! ly  the  same  slope  as  in  the  elec¬ 
trolytic  cell  was  obtained,  but  the  process  was  somewhat  inhibited.  The 
extrapolation  to  Ecor  gave  jcor  =  67  fjAan"2,  what  is  somewhat  larger  than 
obtained  from  the  weight  loss  (53  pAcm-2).  This  shows  clearly  that  the  cor¬ 
rosion  rate  in  a  salt  chamber  is  smal ler  than  in  an  electrolytic  cell. 

The  cathodic  polarization  curve  in  salt  chamber  experiment  showed,  con¬ 
trary  to  that  in  the  electrochemical  cell,  a  straight  Tafel  like  part  at  , 
lower  current  densities  with  slope  values  ranging  between  180  and  340  mVdec" 
in  different  experiments.  Extrapolation  of  the  linear  portions  intersected 
tne  anodic  extrapolated  lines  exactly  at  the  Ecor.  This  1S  a  9ood  confirma¬ 
tion  that  the  corrosion  of  iron  in  a  salt  chamber  is  occuring  so  that  both, 
anodic  and  cathodic  reactions  are  under  activation  control,  the  anodic  reac¬ 
tion  proceeding  somewhat  slower  than  in  the  electrolytic  cel  1 .  The  inhibition 
of  anodic  and  cathodic  charge  transfer  processes  in  the  salt  chamber  expe¬ 
riments  are  probably  due  to  the  formation  of  a  layer  of  the  reaction  products 
accumulating  at  the  surface  during  the  48  h  of  corrosion  while  the  sample 
was  inside  the  salt  chamber  (standard  testing  time). 

We  have  shown  recently  (1)  that,  if  the  corrosion  process  is  activation 
control  led  by  both  reactions,  the  cathodic  polarization  curve  in  the  range 
of  small  polarization  must  have  an  inflection  point.  The  slope  at  the  inflec¬ 
tion  point  serves  to  calculate  the  corrosion  current.  Indeed,  the  correspon¬ 
ding  plot  showed  the  inflection  point,  and  the  calculated  corrosion  current 
was  53  jjAcm‘2,  even  in  better  agreement  with  the  weight  loss  result. 

1)  D.M.  DraiiC,  V.  VaSCiC,  J.Electroanal .Chem. ,  185  (1985)  229. 
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Introduction 

It  is  well  known  fact  that  corrosion  stability  of  many  metals  depend  on 
the  state  of  their  surface,  i.e.  clean  metal  surface,  presence  of  natural  oxi¬ 
de  or  passive  films,  etc.  Some  metals  such  as  titanium  and  aluminium,  when  ex¬ 
posed  to  atmospheric  conditions  form  a  natural  oxide  film  that  nrotects  the 
base  metal  ion.  Die  thickness  of  this  film  can  electnoc,!.-^.. .. ^ 

increased  by  means  of  anodic  oxidation  /I, 2/ .  In  case  of  titanium,  using  ano¬ 
dic  oxidation  can  be  form  oxide  films  on  its  surface ,  and  the  thickness  (a  li¬ 
near  function  of  applied  voltage)  is  around  2.5  nm/V  / 3/.  Corrosion  stability 
of  these  films  differ  from  that  of  clean  titanium  surface.  There  is  not  suffi¬ 
cient  data  in  the  available  literature  on  corrosion  stability  of  titanium  sur¬ 
face  coated  with  anodic  oxide  films. 

The  objective  of  this  paper  is  a  study  of  the  corrosion  stability  of  a 
clean  titanium  surface,  titanium  surface  coated  with  a  natural  oxide  or  passi¬ 
ve  film,  and  titanium  surface  coated  with  anodic  film  of  various  thickness. 

Experimental 

Corrosion  stability  of  titanium  surfaces  in  various  concentrations  of 
was  studied  by  means  of  potentlostatic ,  potentiodynamic ,  metallographic 
and  elllpsometric  methodes.  An  optical  electrolytic  cell  was  adapted  for  si¬ 
multaneous  elllpsometric  and  electrochemical  measurement  of  oxide  layers  du¬ 
ring  their  formation  on  the  titanium  surface  and  their  dissolutions  at  vario¬ 
us  cathodic  potentials. 

Electrochemical  polishing  proved  to  be  most  convenient  methode  for  prepa¬ 
ration  of  surfaces  for  electrochemical-optical  measurements. 

Anodic  oxidation  wa3  carried  in  a  0.5  mol/dm3  H^SO^  in  a  voltage  range 
from  0  to  100  V  /4/. 
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Results  and  dlsscuslon 


Natural  oxide  film  formed  on  titanium  surface  builds  up  parabolically 
with  passing  of  time  and  its  thickness  is  around  3-5  nm  151.  Chemical  dissolu¬ 
tion  of  this  film  in  a  0.5  mol /dm3  HgSO^  is  a  very  slow  process,  while  the 
electrochemical  dissolution  at  a  cathodic  polarization  of  potential  of  -0.6  V 
(s.c.e.)  is  much  faster  and  enables  a  complete  dissolution  of  the  natural  oxi¬ 
de  film,  i.e.  obtaining  a  clean  metal  surface. 

The  passive  oxide  film  on  titanium  surface  in  a  0.5  mol/dm3  HgSO^  is  for¬ 
med  at  a  potential  range  of  -0.3  to  +3  V(s.c.e.)  This  film  consists  oxide  of 
Ti20^  and  TiC^  /6/ ,  dissolves  much  faster  in  more  concentrated  solutions  of 

.  Its  complete  dissolution  is  possible  only  electroehemically  at  cathodic 
potentials  of  -0.692  and  -0.764  V(s.c.e.)  and  then  as  a  side  product  is  TiH^ 


When  compared  to  natural  and  passive  oxide  films,  the  anodic  oxide  film 
dissolves  much  more  slowely  both  chemically  and  electroehemically.  Fig.1.  pre¬ 
sents  chemical  dissolution  of  an  anodic 
oxide  film  which  was  monitored  ellipso- 
metrically  through  Jie  change  of  the  po- 


dissolution  lasts  for  about  1500  min. 
and  it  is  not  complete  because  _P  for  ti- 
titanium  surface  without  anodic  oxide 

film  is  10.6  and  A  is  27.25.  Fig. 2.  pre- 

Fig.1.  Change  of  P  and  A  during  che-  e  ...  _  .  . _  __ 

mical  dissolution  of  anodic  oxide  3ent3  the  chan«e3  of  ^ipscmetric  P^ra- 
film  (with  thickness  of  2.5  nm)  in  a  meters  P  and  A  for  anodic  oxide  films 
0.5  mol /dm3  H^SOjj  obtained  at  a  voltage  ranging  from  0  to 

100  V.  As  can  be  seen  from  fig. 2.,  the 

curve  is  discontinued  and  for  A  =90°  and  A  =  270°  it  has  no  end  values.  Beside 
thi3,  the  curve  is  symetrical  to  the  axis  X  and  at  any  change  of  azimuth  of 
A  for  360°  it  returns  to  its  original  value .  The  symetricalness  of  the  curve 
and  its  cyclic  repetition  at  each  360°  A  value  indicates  formation  of  a  barri¬ 
er  oxide  film  having  a  very  low  attenuation  coefficient  k_. 

Based  on  above  it  can  be  said  that  the  oxides  present  on  titanium  surface 
essentially  contribute  for  increase  of  its  corrosion  stability,  so  that  they 
act  as  protective  coatings.  Their  dissolution  is  possible  only  by  electroche¬ 
mical  reduction.  The  process  of  electrochemical  dissolution  can  be  monitored 
ellip3ometrically  by  position  of  the  analyzer. 
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Fig. 2.  Experimentally  determi¬ 
ned  elllp3ometric  curves  plo¬ 
tted  on  polar  coordinates  for 
the  growth  of  anodic  oxide 
films  on  Ti  surface  in  0.5 
mol /dm1  HgSOjj 


Fig .3.  Dissolution  of  anodic  oxide  film  with 
a  thickness  of  75  nm  in  0.5  mol /dm*  H-SOj.. 

(a)  Uniforme  dissolution 

(b)  Nonuni forme  dissolution 

Fig. 3. (a)  presents  curve  of  uniforme  dissolu¬ 
tion,  and  it  can  be  seen  that  by  the  end  of 
dissolution  this  curve  shifts  to  anodic  dire¬ 
ction.  Fig.3*(b)  presents  the  same  curve  for  a 
nonuniforme  dissolution  when  during  reaction 
TIHg  is  formed. 
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ELECTROCHEMICAL  FORMATION  AND  CHARACTERISATION  OF 
OXIDE  FILMS  ON  TITANIUM  IN  ALCALINE  SOLUTION 

A.Prusi  and  Lj.  Arsov 

Faculty  of  technology  and  metallurgy ,  Cyril  and  Methodius  University 
91000  Skopje,  Yugoslavia 


Introduction 

The  process  of  oxide  film  formation  by  anodic  oxidation,  when  metal  sur¬ 
face  does  not  reakt  chemically  with  the  medium,  can  easily  be  monitored  by  use 
of  clasic  electrochemical  methods.  However,  the  procedure  of  these  experiments 
is  very  complex  when  media  that  react  to  the  metal  are  used. 

Exept  in  media  having  a  low  pH,  titanium  shows  a  higher  instability  in 
media  having  a  higher  pH  values,  especially,  higher  than  12.  The  mechanism  of 
anodic  oxide  film  formation  is  studied  rather  frequently  so  for  in  acid  solu¬ 
tions.  Their  formation  runs,  then,  in  accordance  with  a  well  controlled  process, 
i.e.  film  thickness  proportionally  depends  on  the  use  potential1.  At  very  stro¬ 
ng  acidic  solutions,  however,  oxide  films  obtained  are  poorly  adherent,  and 

2 

there  is  a  present  tendency  of  their  dissolution  after  some  time. 

As  for  experiments  with  titanium  in  strong  alkaline  media,  the  procedure 
of  monitoring  of  formation  and  dissolution  of  these  films  is  very  complex  owing 
to  the  chemical  reaction  of  titanium  with  the  alcaline  media.  At  this,  preci¬ 
pitates  of  titanium  oxides  and  oxi-hydroxides  are  obtained,  composition  of  which 
can  very  hardly  be  determned.  Therefore,  ellipsometric  methode  proved  to  be 
the  best  methode  to  indicate  the  changes  that  take  place  on  titanium  surface. 
Changes  that  occur  on  titanium  surface  in  strong  alcaline  solution  of  potassium 
hydroxide  were  then  monitored  ex  and  in  situ.  We  believe  that  results  obtained 
will  contribute  for  clarification  of  the  mechanism  of  chemical  and  electroche¬ 
mical  reactions,  and  will  provide  a  means  for  control  of  resulting  oxide  films. 

Experimental 


For  this  experiment  were  used  titanium  electrodes  in  form  of  a  cilindar 
having  a  diameter  of  25  mm.  They  were  electropolished  in  a  solution  containing 
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HCIO^ ,  CH^OH  and  CgH^Og  in  a  given  ratio.  Ellipsometric  measurements  were  carri¬ 
ed  out  at  a  546,1  n a  wavelength  and  an  angle  of  incidence  of  70°. 

Results  and  discussion 

Titanium  surface  in  alcaline  solutions,  in  contrast  to  its  reaction  in 
acid  solution,  is  less  corrosion  stable  as  a  result  of  an  intensive  chemical 
reaction  of  formation  of  various  surface  products  in  form  of  films.  The  electro¬ 
chemical  measuring  of  steady-state  potential  in  1M  KOH  show  that  even  after 
1500  minutes  stationary  conditions  of  potential  are  not  established  in  the  metal- 
solution  interface. 

Potentiostatic  and  potentiodinamic  measurements  show  that  at  higher  pH 
values  of  the  solution,  titanium  electrode  does  not  indicate  occurence  of  an 
active  region  which  means  that  there  is  not  a  potential  region  whwre  an  inten¬ 
sive  dissolution  of  titanium  surface  takes  place  and  a  diffusion  of  Ti+^ions  in 
the  solution.^  Figure  1  gives  some  obtained  potentiostatic  curves  .  ...  u.vuiduii 
in  1M  KOH  and  4  M  HC1.  In  4M  HC1,  there  is  a  very  active  region  for  potential 
range  -0.65  to  -0.3  v(s.e.e.).  Owing  to  chemically  formed  film,  having  a  consi¬ 
derable  thickness,  there  is  not  an  active  region  in  1M  KOH. 


Figure  1.-  I  -  E  potentiostatic  curves,  1-  **m  Hul,  2-  lm  KOH 

By  anodic  oxidation  of  titanium  in  KOH,  various  colours  of  oxide  films 
are  formed  and  their  colour  depends  on  the  film  thickness  and  cincture. 

Ex-situ  and  in-situ  ellipsometric  measurings  shewed  that  there  is  a  great 
reprocuiicibity  of  results  obtained  and,  thus,  a  possibility  cf  determination 
of  optical  constants.  Figure  2  and  3  presents  changes  of  ellipsometric  parame¬ 
ters  d  A  and  iy  depencing  on  voltage  used  ex-situ  and  in-situ.  As  can  h,  seen 
on  figure  2  and  3,  da  and  dv  increase  with  potential  increasing,  tnese  changes 
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are,  however,  much  more  evident  are  develop  faster  ex-situ.  This  shows  that 
oxide  film  obtained  by  anodic  oxidation  is  not  quite  stable  in  atmospheric  con¬ 
ditions  and  that,  in  a  short  time,  a  reaction  with  atmospheric  oxygen  follows, 
so  that,  after  some  time  thickness  of  the  film  is  increased.  We  can  conclude 
that  more  valid  results  are  obtained  with  in-situ  measurings  where  influence  on 
anodic  oxide  film  thickness  is  avoided. 


Figure  2.-  Change  of  ellipsometric  parameter  d£  versus  applied 
voltage,  1-  in-situ,  2-  ex-situ 


Figure  3--  Change  of  eili psometric  parameter  d  -r  versus  voltage 
1-  in  situ,  2-  ex  situ 
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ELECTROCHEMICAL  PASSIVATION  OF  IRON  IN  BORATE  BUFFER 
SOLUTION  AT  THE  PRESENCE  OF  POLYACRYLAMIDE 

T.Griev,  M.Cvetkovska 

Cyril  and  Methodius  University,  Faculty  of  Technology  and 
Metallurgy,  Skopje,  Yu 


l n  t  roduc  t i on :  Electrochemical  passivation  of  iron  in  neut¬ 
ral  and  weak  alkaline  solution  and  particularly  processes 
which  take  place  in  the  active  region,  even  today  arouse 
great  Interest  (1-3).  It  Is  of  exceptional  significance  the 
question  whether  formation  of  primary  film  (most  probably 
Fe(OH)  )  with  a  thickness  of0,8-l,5  nm  is  carried  out  by 
so  called  “d i s so  I u t i on- p re c I p i t a 1 1  on"  mechanism  or  two  pa¬ 
rallel  processes  take  place  i ndependen 1 1  y  in  this  potential 
req i on : e I  eg rochem i ca I  dissolution  and  film  f ormat ! on (Fe- 
Fe^+  and  Fe  -  Fe  (OH)^). 

For  clarification  of  this  question,  the  electrochemical 
passivation  of  iron  In  buffer  borate  solution,  pH  8,1*5, 
was  carried  out  at  the  presence  of  polyacrylamide  (PAA)with 
Mn»60  000  which  belongs  to  the  group  of  Iron  Inhibitors  for 
prevention  of  corrosion  in  natural  weters  (4). 

Our  previous  e 1  I i psome t r i c  studies  (5)  Indicated  a  signifi¬ 
cant  adsorption  of  PAA  on  metallic  surfaces. 

Expe  r i men  ta I :  Electrochemical  passivation  of  Iron  has  been 
studied  on  rotational  disk  and  ring-disk  electrodes  (Fe- 
disk,99,995i  Fe  and  platinum  ring)  using  cyclic  voltamm¬ 
etry  (v»10  mV/sec).  PAA  used,  with  Mn»60  000,  was  obtained 
by  redox  initiated  polymerization  of  acrylamide  with  the 
system  Na, S ,0  - Fe ( II  I ) - I  DA ( Fe ( I  I  I ) - s a  1 1  of  iminodiacetic 
acid)  .  225 

The  polymer  was  added  as  a  k%  asolution  of  PAA  and  its  con¬ 
centration  in  buffer  solution  ranged  from  0,01-0,251.  The 
voltamograms  were  recorded  30  minutes  after  polymer  addi¬ 
tion,  i.e. after  adsorbtion  equilibriun  was  established. 

Results  and  duscussion:  C ha r c te r I s 1 1 c a  I  cu r ren t -poten t i a  1 
dependence  (or  passivation  of  iron  In  buffer  borate  solu¬ 
tion  ( 0 , 1  5  N  H3B0j«-0.15N  Na2B<40  7  )  pH  8,45  (curve  l.Fig.l.) 

points  out  the  known  regions:  AB-active;  BC-active  to  pa¬ 
ssive  CD ( C E ) -pa s s I ve  region  as  well  as  regions  EF  and  FG 
(FA)  for  reduction  of  passive  film  formed.  It  is  obvious 
that  the  presence  of  PAA  (0,01-0,1651)  leads  to  a  significant 
decrease  in  anodic  current  maximum  which  it  proportional  to 
the  concentration  of  polymer  added.  At  same  time,  ring  curr¬ 
ent  (at-1.lv/sce)  shows  a  significant  decrease  in  correspon¬ 
ding  cathodic  maximum  which  clearly  indicates  a  reduction  of 
the  dissolution  current  of  iron  in  this  region. 

On  the  other  hand,  its  influence,  both  on  the  value  of  pas¬ 
sive  current  and  reduction  current.  Is  negligent. 
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The  Influence  of  PAA  present  In  solution  on  the  anodic 
current  maximum  j_,as  well  as  electricity  quantities  Q  , 
in  the  region  AC(rig.2.)»  indicate  most  probably  for  a* 
significant  coverage  of  electrode  surface  by  PAA. 

Ring-disk  experiments  provide  a  quantitative  resolution  of 
the  experimentally  measured  current  In  this  region  (AC  in 
Fig.1.)  on  the  dissolution  current  and  current  of  film 
format i on . 
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There  was  an  assumption  that  the  dissolution  current 
((  .  )  dependes  a  both:  the  rate  of  polarization  and  the 
rate*of  rotation,  while  the  current  for  film  formation 
depends  only  on  the  rate  of  po 1  I razat I  on . 


On  this  assumption,  results  presented  on  fig. 2  and  calcu¬ 
lated  values  of  dissolution  current*  that  is,  calculated  va¬ 
lue  of  I,,  or  Q,,  of  around  2  mC/cm  ,  the  decrease  of  I 

T  T  f  f  OIS 

or  Q,  j  is  interpreted  as  an  effect  of  PAA  adsorbtlon  on 
metal  suriace. 


So,  it  can  be  obtained  the  dependence  of 
ge  of  metal  surface  (6)  with  polymer  as  a 


me r  concentration  in  the  solution  (fig. 3.) 
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Limiting  values  of  0(Fig.3)  are  reached  at  concen t ra t i on 
of  PAA  0,1  to  0,12)  and  are  in  good  agreement  with  those 
for  which  is  found  greatest  thickness  of  adsorbed  PAA  film 
on  metalic  surfaces  (5). 
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figure  1 :  Vo  I tammog rams  for  passivation  Of  iron 
in  borate  buffer  solution,  pH  8,45,  In  the  pre- 
sence  of  polyacrylamide,  Mn«6Q  0 00  ; ,  1 )0 ;  2 ) 0 , 3 3  •  3) 
0,55;4)0,99;5)1  ,25  and  6)1,65  gPAA/dm3.  Dlsk  area 
(Fe)0,20  sn>2;  w-600  rpm;  v»!0mV/s. 


figure  2 ; Dependence 
of  anod I c  current 
peak  and  total  quan¬ 
tity  of  e I ec t r i c i ty , Q  , 
(region  AC ,  F  I  g  .  1 )  ons 
the  concentration  of  PAA. 


Figure  3:Dependence  of 
0 . 1  TTor  dissolution 
of  iron  in  the  active 
region)and  0-degree  of 
coverage  of  electrode 
surface,  on  the  concen- 
tiation  of  PAA. 
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Introduction.  In  a  previous  study  about  the  ano¬ 
dic  behaviour  of  magnesium  in  methanol1  ,  it  was  constated 
that  the  chemical  reaction  rate  between  magnesium  and  me¬ 
thanol  producing  magnesium  methanolate  and  hydrogen  is 
very  appreciable  using  high  purity  methanol,  but  with  me¬ 
thanol  not  dehydrated,  the  reaction  rate  fall  drastically. 
In  this  communication  is  discussed  the  influence  of  water 
in  the  corrosion  of  magnesium  by  methanol  and  the  results 
of  weight  loss  and  electrochemical  experiments  are  compared. 


Methodology .  The  corrosion  rate  was  determined 
by  weight  loss  of  magnesium  specimens  sugmerged  in  methanol 
with  variable  amounts  of  water.  The  magnesium  was  99,5 
%  purity,  forming  a  red  of  10  mm  diameter  and  approximatly 
5  mm  lenght.  In  each  case  the  exact  geometric  surface  was 
determined  with  a  micrometer.  The  methanol  was  reactive 
quality  and  previous  to  their  utilization  was  treated  with 
magnesium  methanolace  and  distilled. 

In  the  electrochemical  determinations,  sodium  bro¬ 
mide  dryed  24  hours  at  150°  C  was  used  as  electrolyte. 

The  methodology  has  been  similar  to  the  described  in  pre¬ 
vious  works. 


Results .  The  FIG.  1  represent  the  corrosion  rate 
of  24  hours  duration  experiments,  of  magnesium  in  methanol 
with  variable  amounts  of  water,  determined  by  weight  loss. 

It  is  to  note  that  water  presence  produce  a  strong 
inhibitor  effect  on  the  corrosion  rate  of  magnesium  by 
methanol  and  the  presence  of  only  1%  of  water  disminishes 
10  times  the  corrosion  rate.  These  values  can  be  expressed 
analytically  by  the  fitted  expresion: 

v  (^ig.cm_2.s_1)  =  (0,57  +  4,6c  +  4,6c2  )-1 

where  c  is  the  water  concentration  in  %  weigt. 

In  these  experiments  were  constated  two  facts: 
a i  As  is  frequent  in  metals  corrosion  ,  the  corrosion 
rate  of  magnesium  by  methanol  is  function  of  time  the  metal 
is  in  contact  with  the  solution.  This  is  show  in  FIG.  2 
wnere  the  corrosion  rate  of  different  specimens,  in  the 
same  solution  but  with  different  atac  time,  is  represented, 
b)  If  a  specimen  is  withdraw  of  the  solution,  as  to  weight 
and  after  is  newly  introduced  in  the  solution,  its  corro¬ 
sion  rate  is  drastically  reduced.  To  say,  the  contact 
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air  humidity  and  formation  of  a  passivating  film,  probably 
of  difi  rent  character  as  the  habitual  oxide  film  on  magne¬ 
sium  sui °ace  and  containing  hydroxil  groups.  It  is  co 

notethat  .  eanwhile  the  relation  Volum  (MgO)  /  Volum  (Mg) 
is  equal  t  0,80  the  relation  Volum  (Mg(OH) 
is  equal  to  , 7  ,  to  say,  a  more  compact  fil 

Other  experiments  has  been  realicized  to  determine 
the  influence  of  electrolytes  in  the  corrosion  rate  of 

magnesium  by  me . hanol  containing  variables  amounts  of  water 
The  corrosion  rt'e  is  not  influenced  by  the  presence  of 

NaBr  1  M,  so  in  the  electrochemic-al  experiments  sodium 

bromide  in  concenti  tion  1  M  was  used  as  electrolyte. 

For  eacch  .  olution  the  polarization  resistence 
of  Mg  has  been  determ. led  and  the  corrosion  rate  calculated 
The  value  are  in  fuli_  agreement  with  the  value  obtained 
by  weight  loss. 

The  effect  of  wa  er  in  the  corrosion  of  magnesium 
by  methanol  is  clearly  t  it  in  evidence  in  polarization 
diagrams  obtained  when  magn  sium  form  a  galvanic  pair  with 
platinum.  The  FIG.  3  show  ti  ?  initial  and  final  potentials 
of  Mg  and  Pt  in  NaBr  1M  sol  tion  in  methanol  with  diffe- 
rents  amounts  of  water,  and  he  intensity  when  te  celle 
is  shorted  with  a  10  ohm  resisi  ir.  The  process  pass  from 
cathodic  control  to  a  mix  contr.  1  with  increasing  amounts 
of  water,  showing  the  passivating  ction  of  water. 
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THE  STUDY  AND  DETECTION  OF  INTERNAL  DEFECTS  OF  NON- 
FERROUS  ALLOYS  FOR  OPTICALS  AND  ELECTROCHEMICAL 
METHODS 

1  2  3 

M.P. Mateo  ,  M.D.Salvador  ,  I.Barba 

1,2.  Secci6n  T^cnica  de  Corrosion  y  Proteccidn  met4- 

lica  de  Valencia  (Espatia) 

3*  Secci6n  T6cnica  de  Corrosion  y  Proteccidn  met&- 
lica  de  Alicante  (Espatia) 


Some  of  the  most  important  problems  produced  in 
non-ferrous  alloys, are  corrosion  and  the  formation  of 
internal  pores  limiting  oweself  to  copper  alloys,  in 
the  case  of  brass  to  be  more  precise,  these  problems 
arise  in  the  process  of  smelting  or  in  other  processes 
like  welding  or  soldering. 

In  industries  dedicated  to  the  fabrication  of 
illumination  apparatus  and  artistic  bronzes  for  exam¬ 
ple,  these  types  of  problems  become  much  more  impor- 
1 

tant  • 

2,3 

In  the  bibliography  , similar  process  have  been 
described  but  emphasising  only  certain  aspects. 

The  present  work  consists  of  two  clearly  different 

•*,5 

stages:  a  prior  study  by  optical  microscope 

6 

wed  by  ano the r , electrochemical  • 


,  folio- 
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First,  a  macrographie  study  reveals  the  superfi¬ 
cial  defects,  of  great  importance  in  subsequent  treat¬ 
ments*  Second,  a  metalographic  examination  is  proposed 
to  study  the  nature,  size,  and  distribution  of  the  in¬ 
ternal  pores,  to  determine  the  influence  of  these  in 
possible  subsequent  corrosion  processes* 

Finally,  an  electrochemical  study  of  different 

7 

types  of  organic  protection  coatings  ,  applied  to  the¬ 
se  materials  completes  this  work,  taking  into  account 
the  results  previously  aitained* 
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CORROSION  PERFORMANCE  OF 'PAINTED  GALVANIZED  STEEL 
BY  ELECTROCHEMICAL  METHODS 

I.  PETROVICH  and  J.C.  GALVAN 

Centro  Nacional  de  Investigaciones  Metalurgicas  (ESPaRA) 


SUMMARY 

A  study  has  been  carried  out  on  the  protectiveness  of 
a  zinc  chromate  alkyd  paint  applied  on  galvanized  steel  speci¬ 
mens  having  300  g/m2  zinc  coats.  Some  of  them  had  previously 
beer,  subjected  to  a  conversion  treatment  consisting  of  a  dip  in 
a  CrO?Na2  .  2H  0  {200  g/1)  and  H2S04  (5  ml,  d  =  1.84)  bath.  Va¬ 
rious  ' electrochemical  methods  were  employed  for  the  purpose,  na 
mely:  impedance  measurements  by  means  of  an  analogic  Hewlett- 

-Packard  4800  impedance  meter;  potentiodynamic  plotting  of  po¬ 
larization  curves  performed  by  the  use  of  a  Corroscript  Tacussel 
pGtenticstat ;  the  measurement  of  linear  polarization  resistance 
and  the  plotting  of  potentiometric  curves,  both  of  which  used  a 
Corrcvit  .Tacussel  potent  iostat . 

All  these  techniques  were  sensitive  to  the  system’s 
degradation  process  thus  proving  the  remarkable  influence  of 
the  chromate  coating  as  an  additional  protective  agent.  The 
aggressiveness  was  also  revealed  of  the  various  electrolytes 
used:  3%  NaCl  and  distilled  water,  simulating  up  to  a  certain 

extent  a  marine  atmosphere  and  a  pollution-free  rural  one,  res¬ 
pectively. 

RESULTS  AND  DISCUSSION 
Impedance  Diagrams 

All  the  systems  showed  in  an  initial  period  a  capaci¬ 
tive  behaviour  which  may  be  attributed  to  the  unaltered  condi¬ 
tion  of  the  paint.  At  longer  time  intervals,  the  impedance 
diagrams  tend  to  differentiate  themselves  and  describe  semicir- 
t-umferences  which,  as  a  rule,  become  smaller  as  the  test  time 
increases  (fig.  la).  A  second  semicircumference  is  finally  ob¬ 
tained  (fig.  ib)  for  long  immersion  times  and  low  frequencies 
in  -he  rise  cf  systems  in  contact  with  sodium  chloride  solu- 
'.ons.  Su~h  behaviour  agrees  with  the  equivalent  circuit  pro¬ 
posed  by  several  authors  (fig.  2). 
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Figure  lb  also  shows  a  reversal  in  the  development  of 
the  first  semicircumference,  wherein  the  diameter  has  increased 
with  immersion  time.  This  is  a  rather  frequent  phenomenon  in 
these  systems  which  will  be  discussed  later. 

Resistance  aue  to  Electrolyte  Penetration,  Through  Pores,  R,  and 
Linear  Polarization  Resistance,  Rp . 

The  variation  of  R  with  time  is  shown  in  fig.  3.  It 
has  been  observed  that,  as  a  rule,  R  decreases  gradually  while 
at  the  same  time  the  paint  coat  undergoes  degradation.  This  ten 
der.cy  is  more  marked  in  the  case  of  systems  in  contact  with  so¬ 
dium  chloride. 

The  variation  in  polarization  resistance,  Rp,  as  mea¬ 
sured  by  d.c.  are  also  given  in  Fig.  3.  Rp  development  is  simi¬ 
lar  to  that  for  R,  although  it  always  provides  higher  values. 
This  is  not  surprising  if  one  bears  in  mind  that  what  is  really 
being  measured  by  this  technique  is  the  sum  of  all  the  resistan 
ces  inherent  to  the  system  (fig.  2). 


Variation  of  Corrosion  Potential.  Polarization  Curves.  Effect 


The  development  of  the  paint  degradation  process  can 
also  be  followed  apart  from  the  use  of  the  techniques  described, 
by  means  of  polarization  curves  and  by  tracking  the  corrosion 
potential  with  time,  at  least  qualitatively.  A  rapid  decrease 
of  Ecorr  values  during  the  first  hours  of  immersion  has  been 
observed  in  those  systems  with  chromating  treatment.  This  means 
an  accelerated  permeation  of  the  electrolyte  towards  the  subs¬ 
trate  due  to  osmotic  effect.  The  potential  then  becomes  stabi¬ 
lized  up  to  the  end  of  test  due  to  the  protective  action  of  the 
chromate  coating  (fig.  4). 

From  Fig.  5  it  can  be  seen  that  a  reduction  in  slopes 
of  the  anodic  branches  takes  place,  as  a  rule,  depending  on 
immersion  times.  For  a  500  mV  polarization,  the  response  intensity 
is  increasingly  higher  and  this  could  be  related  to  the  degra¬ 
dation  process  in  paint.  However,  in  the  absence  of  a  chromate 
film,  this  tendency  is  reversed  sporadically  due  to  the  fact 
t.nat  the  reaction  between  the  electrolyte  and  the  metal  subs¬ 
trate  is  unhibited.  On  this  account,  corrosion  products  are 
formed  which  temporarily  block  up  the  pores  of  the  paint  coat . 
This  effect  nac  also  been  detected  with  the  occasional  increases 
of  Pp,  R  (fig.  3)  and  E?orr  (fig.  41. 
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POTENTIODYNAMIC  BEHAV  I  OUR  OF  ZINC  IN  ALKALINE  SOLUTIONS 

P.L1.  CABOT,  1*1.  CORTES,  F.  CENTELLAS, 

3. A.  GARRIDO  and  E.  PEREZ 

Oepartamant  da  Quimica  FIsica.  Facultat  da  Quimica. 
Universitat  da  Barcalona.  Spain. 


INTRODUCTION 

Zinc  has  baan  intensively  studied  because  of  its  use¬ 
fulness  in  cathodic  protection  of  certain  technologically  impo£ 
tant  metals  such  as  Fa  and  in  the  fabrication  of  many  commercial 
ly  impcrfant  batteries.  Several  different  mechanisms  for  the  ano 
die  oxidation  of  zinc  in  alkaline  media  can  be  found  in  the  litjj 
ratura1'4.  However,  although  the  total  reaction  is  fairly  unders 
tood,  the  mechanism  is  not  fully  elucidated. 

In  this  uork,  results  concerning  an  extensive  potentio 
dynamic  study  of  a  zinc  electrode  (99.9  %)  in  six  daareatad  KOH 
solutions  at  concentrations  in  thB  range  0. AO-5. 00  (*1  and  3weep 
rates  between  0.2  and  100  mV .s"1  are  presented.  In  order  to  inte£ 
pret  the  experimental  results,  electrochemical,  optical  and  elec 
tronoptical  methods  have  been  applied.  The  previous  treatment  of 
the  electrode  comprised  mechanical  polishing,  potentiodynamic  po 
larization,  as  Hendrikx  et  al®  suggested,  and  cathodic  reduction. 
Subsequently,  the  electrode  was  let  free  for  5  min  in  order  to 
attain  the  rest  potential.  The  uorking  solutions  were  prepared 
with  Merck  p.a.  KOH  and  water  which  was  deionized,  doubly  distij. 
lad  and  purified  by  means  of  a  Millipore  Milli-Q  system. 

RESULTS  ANO  DISCUSSION 

The  experimental  curves  obtained  are  of  the  type  shown 
in  Fig.l.  Starting  the  potentiodynamic  cycle  at  -1.425  V  vs.  Hg/ 
HgO,  an  exponential  increase  of  the  current  density  uith  the  po¬ 
tential  is  found  (region  T).  Tafel  plots  for  this  raoion,  similar 
to  that  shown  in  Fig. 2,  ware  always  circa  40  mV. dec"1,  in  agree¬ 
ment  uith  pravious  potentiodynamic  work  of  Armstrong  and  Bui man®. 
Also  for  tha  same  region,  reaction  orders  with  respect  to  OH  hji 
va  Dean  obtained,  being  of  2.8  and  3,4  for  sweep  rates  of  2  and 
5  mV . s“ 1  (F iq . 3)  . 

Tha  existence  of  tha  first  anodic  peak  (A  in  Fig.l)^h|S 
baan  considered  to  ba  tha  consequence  of  the  precipitation  of 
Zn(0H) ^"(denoted  by  Breitar  and  Powers^  as  oxide  of  type  I).  Af- 
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tar  this  paak,  tha  currant  density  dacraasas  and  at  tha  passiva¬ 
tion  potential  (P  in  Fig.l),  a  protective  layer  of  ZnO  is  formed 
(type  II  oxida  of  Braitar  and  Pouars) .  Starting  at  tha  sama  po¬ 
tential  and  tha  electrode  being  in  tha  sama  conditions,  several 
potantiodynamic  cycles  of  different  potential  ranges  have  bean  ca 
rriad  out,  Tha  anodic  suaap  has  been  reversed  before  tha  first  a- 
nodic  paak  and  batuaen  this  paak  and  the  passivation  potential. 

As  shown  inf  Fig.l,  a  new  cathodic  wave  (N)  appears  if  the  pre¬ 
vious  anodic  sweep  ands  after  tha  passivation  potential.  This  re 
suit  imolies  tha  formation  of  two  different  reducible  soecies  du 
ring  tha  anodic  suaap,  being  consistent  with  previous  optical  data. 

Further  information  is 
found  from  the  analy¬ 
sis  of  the  dependence 
of  tha  potantiodynamic 
anodic  charge  on  the 

.j  .  sweep  rate  and  KOH  con 

■■ _  centration.  Tha  total 

yy^^  anodic  charge  of  tha  a 

I  nodic  Sweep  is  found  to 

y/y'  p  decrease  with  sweao  rji 

10  "  r  Sy*  te  increasing.  On  the 

JMl  — y-'t _ ( _ V  other  hand,  this  char- 

-uoo^/"^  -mm  ElmV)  ge  increases  with  KOH 

concentration.  The  sa- 
me  trend  is  observed 

m  when  only  the  anodic 

charge  comprised  bet¬ 
ween  the  potentials  co 
Fig.  I  .-Pocentiodynamic  curves,  2.00  M  KOH  rresponding  to  1=0  and 
and  sweep  rate  of  5  mV.s-l.  to  the  first  anodic 

Fig .  2-4 . 00  M  KOH,  2  mV.  a"1.  peak  is  considered. 

Scanning  electron 

mV  micrographs  of  the  e- 

1*i.M9/H03)  lectrode  surface  at  di£ 

ferent  points  of  tha 

*,J5°  t  potantiodynamic  cycle 

•  have  also  been  perfor- 

o  *  mod.  Fig. 4  corresponds 
•  'y^  to  the  point  1*1  in  Fig. 

1  and  show  the  impor- 
tant  corrosion  of  the 
jr  electrode.  Before  tha 

yf  potantiodynamic  oxide- 

S*  tion,  the  surface  is 

y/*  relatively  flat.  At  the 

s*  beginning  of  tha  oxi- 

*1390  -  dation,  several  pits  a£ 

*  o  oo  o.so  i  i/m  A)  P  ®a  ^  and  grow  until  the 


Fig.  I  .-Pocentiodynamic  curves,  2.00  M  KOH 
and  sweep  rate  of  5  mV.s-l. 

Fig. 2-4. 00  M  KOH,  2  mV. a"1. 
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TAFEL  SLOPES  FOR  Cu(I)  AND  Cu(II)  OXIDE  FORMATION  IN  ALKALINE  SOLUTIONS. 
F.A.  CENTELLAS,  J.A.  GARRIDO,  P.LL.  CABOT  and  E.  PEREZ. 

Departanent  de  Qulraica  Flsica.  Facultat  de  Qulmica.  Universitat  de'Barcelona 
Avda.  Diagonal,  647.  08028-Barcelona  (Spain). 


The  study  of  galvanostatically  generated  films  on  copper  electrodes 
in  alkaline  solutions  is  carried  out  from  H ^  to  0^  evolution. 

The  galvanostatic  curves  show  ^several  anodic  plateaus  associated  with 
monovalent,  divalent  and  trivalent  species.  During  this  process,  the  pre¬ 
sence  of  mono  and  divalent  soluble  species  and  the  electrogeneration  of 
another  insoluble  ones,  in  different  layers,  is  commonly  accepted. 

The  subject  of  this  work,  is  the  measurement  of  the  Tafel  slopes  corres¬ 
ponding  to  the  formation  of  the  Cu(I)  and  Cu(II)  species.  The  results  ob¬ 
tained  are  reviewed  from  electrochemical  and  optical  data. 

2 

The  mcnocompartirr.ental  cell  used  has  been  described  in  early  works  . 
XCH  solutions  are  C.l;  0.75;  1.0;  2.0;  3.0;  4.5  and  6.0  mol. dm  and  were 
prepared  with  Milli-Q  water  and  deareated  by  means  of  bubbling.  Copper 
mechanized  bars  of  99.9  %  in  Cu  was  used,  and  the  metal  area  exposed  to 
the  solution  was  C.4S4  +  0.005  cm  .  The  reference  electrode  is  the 
.':g/HgO/XCH(sln )  system  and  showed  a  good  stability  and  reproducibility . 
The  potentials  obtained  ir.  this  work  are  referred  to  this  electrode. 

The  anodic  curves  begin  at  -1330  mV,  when  a  clear  release  of  on  the 
copper  electrode  occurs,  afterwards,  the  polarity  of  the  current  is  inver¬ 
ted  and  the  galvanostatic  curves  are  registered  eiectromechanically . 

The  electrode  potential  rises  sharply  up  to  -1050  mV  followed  by  a 
showing  down  of  the  rising  rate  and  moving  in  a  nearly  linear  way  up  to 
-330  mV,  where  a  new  decrease  of  the  mentioned  rate  appears.  Around  -620 
mV,  a  characteristic  and  repetitive  point  associated  to  potential  slope 
decrease  change  appears. 

A  second  anodic  step  occurs  at  -130  mV  and  is  associated  with  the  for¬ 
mation  of  the  Cu(II)  species.  The  0^  evolution  potential,  750  mV,  is  prece¬ 
ded  by  another  irregularity  of  the  curve  at  potentials  near  640  mV. 

When  overpotentiai  at  t  =  0  is  plotted  versus  th^  logaritm  of  current 
density  at  constant  X0H  concentration,  a  good  linearity  for  stirred  and 
unstirred  solutions  are  obtained.  This  representations  are  carried  out, 
first,  for  Cu(I)  species  (point  C)  and  second,  for  the  Cu(II)  species 
(point  D) . 

The  experimental  values  obtained  for  these  slopes  shown  in  the  Tables 
I  and  II. 

Tafel  slopes  obtained  for  C  (formation  of  the  Cu(I)  species)  are  prac¬ 
tically  independent,  of  KOI:  concentration  and  stirring  rate.  This  value  is 
near  0.T5C  mV. dec  * .  Tafel  slopes  corresponding  to  Cu(II)  compounds  depend 
an  alkalinity  and  stirring  rates.  E  C.CC2  -  0.105  and  0.C71  -  0.089). 

In  vie*  to  explain  the  galvanostatic  behaviour  of  copper  in  alkaline 
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TABLE  X 

•  _3  Slope 

KOH  /  mol. dm 

/  V.dec”1 

Point  C 

Point  D 

0.1  0.048 

0.089 

0.75  0.050 

0.076 

1.0  0.051 

0.076 

4.5  0.052 

0.071 

• 

without  solution  stirring. 

KOH*  /  mol , 

TABLE  II 

-  Slope  /  V. 

.dm 

Point  C 

.dec  1 

Point  D 

0.1 

0.047 

0.105 

0.5 

0.050 

0.085 

0.75 

0.C5C 

0.085 

1.0 

0.55 

0.063 

3.0 

0.055 

0.052 

*  _1 
stirring  rate  =  2  ml.s 


solutions,  we  have  considered  for  the  transfer  coefficient  associated  to 
a  process  which  occurs  in  multiple  steps,  an  equation  of  the  type: 


ot  = 


6  (  n  -  n  -  iT  )  ♦  To 
v 


being  8  the  symmetry  factor;  v  the  stechiometric  number,  n  the  total 
number  of  electrons;  "n  and  n,  the  number  of  electrons  before  and  after 
the  rate  determining  step. 

For  Cu(I)  oxide  formation,  Tafel  slopes  correspond  to  a  transfer  coe¬ 
fficient  near  0.5.  This  value,  and  assuming  0.5  for  the  symmetry  factor, 
is  consistent  with  several  nechanisms: 


Mech.  1: 

a) 

Cu  + 

CH"  — 

CuCH  +  e 

b) 

CuOH 

+  OH-  — 

Cu(0H)“ 

c) 

Cu  +■ 

CutOHjj  - 

Cu^O  +  H^O  ♦  e 

a  =  rate  determining 

step 

Mech .  2 : 

a) 

Cu  + 

Oif 

— *  CuOH  +  e 

a  =  rate  determining 

step 

b) 

CuOH 

♦  Cu  ♦  OH" 

— *■  CUgO  ♦  H^O  ♦  e 

Mech.  3: 

a) 

Cu  ♦ 

2CH-  — 

Cu ( OH ) ~  ♦  e 

b) 

Cu  ♦ 

Cu (OH )~  — 

Cu^O  ♦  H^O  ♦  e 

a  =  rate  determining 

step , 

The  overall  reaction  in  the  cases  above  mentioned  are  similar: 


t\J  f'l 
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2Cu  ♦  20H-  —  Cu20  +  H20  +  2e 

Mech.  2  supposes  inexistence  of  soluble  Cu(I)  species.  The  formation 
of  cuprous  oxide  via  discharge  of  electrolitic  OH  and  further  nucleation 
and  crystalline  growth.  This  mechanism  is  su^p^rted  by  experimental  data 
using  electrochemical  and  ellipsometric  methods 

Cn  the  other  hand,  in  Mech.  3,  the  Cu20  formation  takes  place  by  a 
dissolution  precipitation  process.  The  experimental  evidence  of  soluble 
Cu(I)  compound,  Cu(£Hg'~  ha's  been  carried  out  by  means  of  the  rotating  disk 
electrode  technique  '  . 

Both  mechanisms  are  consistent  with  experimental  values  of  slopes  asso¬ 
ciated  with  i  -  t  curves  (near  0.5).  In  addition  thermodynamic  formation 
of  CuCH  and/or  Ci^OH}”  compounds  are  possible  as  been  proposed  in  a  recent 
theoretical  study  .  Kinetical  considerations  seen  to  imply  that  the  adsorp¬ 
tion  of  a  Cu(I)  compound,  is  the  rate  determining  step  in  the  electrogenera¬ 
tion  of  Cu20  via  soluble  or  insoluble  intermediates. 

Tafel  slopes  corresponding  to  Cu(II)  oxide  formation  are  0.071  - 

C.C29  and  0.052  -  0.105  V.dec-1  for  unstirred  and  stirred  solutions. 

These  values  are  in  agreement  with  the  mechanism: 

a)  Cu,C  +  2CH"  —Cu(0K)  ♦  2e 

b)  5Cu2C  +  100H"  +  SH20  —  IOCu(OH)- 

c)  lCCu(CH)~  — 5Cu(0H)2  ♦  5Cu  *  100H- 

d)  7Cu(0h')2  — -7Cu0.H2C 

d)  5Cu  ♦  100H-  -—5  CuC.HgO  +  lOe 

being  d  the  rate  determining  step.  The  overall  reaction  is: 

6Cu20  ♦  6H,,0  *  120H"  — *L2Cu0.H20  +  12e 

This  mechanism  is  similar  for  the  different  KCH  concentrations  and  eiec- 
trolite  stirring  rate,  corresponding  the  diferences  observed  to  the  exten¬ 
sion  of  the  reaction: 

Cu0.H20  ♦  20H"  —  Cu(CH)^- 

fol lowing  the  step  e. 

The  intermediates  propsed  in  order  to  justify  the  Cu(II)  oxide  forma¬ 
tion  are  established  experimentally  by  several  autors. 

REFERENCES 

1.  J.  «'SR0SE,  R.G.3ARRADAS  acd  D.W.  3CESHTH;  J.  Electroanal.  Chan.,  47,  47,  (1973). 

.  F.A.  CETOJLAS;  J. A.  CARP-IDC,  E.  PEBEZ  ard  J.  VUCIU:  An.  Qulm. ,  0QA,  317,  (1984). 

.  M.J.  CI3W1,  0.3.  GIBBS;  Can.  J.  Chan.,  48,  1242,  (1770). 

4.  J.v.M.  DRD0G,  C.A.  /ITERUSSTEI),  P.T.  AITERLJESTE'I ,  G.A.  BOCTS-A;  J.  Electnoanal.  Chan., 
61,  111,  (1979). 

5.  V.A3d.mH,  D.  FAR7WJRST;  J.  Electrocben.  Soc. ,  124  ,  506,  (1977). 

6.  F.  ILLAS,  J.  RUBIO,  F.A.  (STELLAS  end  j.  VIRCILI;  J.  Ftiys.  Chan.,  (accepted  for  publi¬ 
cation). 


06130 


TREATMENT  OF  POTENTIOSTATIC  CURVES  IN  ANODIC  OXIDATION  OF  COPPER  IN 
ALKALINE  SOLUTIONS. 

F. A.  C2NTELLAS ,  P.LL.  CABOT,  J.L.  FERNANDEZ,  J.A.  GARRIDO  and  E.  PEREZ. 
Departament  de  Qulmica  FIsica.  Facultat  de  Qulmica.  Universitat  de  Barcelona 
Avda.  Diagonal,  647.  08023-Barcelona  (Spain). 


Potentiostatic  studies  on  copoer,  tin  and  other  electrodes  in  alkaline 
solutions,  show  particular  morphologies  for  the  i-t  curves.  When  a  poten¬ 
tial  characteristic  for  oxide  formation  is  applied,  the  i-t  curve  show 
a  minimum  and  posteriorly  a  maximum.  This  suggest  the  existence  of  diffe¬ 
rent  steps  for  the  potentios tatic  oxide  formation  . 


I;)  the  first  step,  oxide  formation  is  in  agreement  with  a  diffusive 
model  but  only  prevails  for  a  short  time.  In  this  work  a  model  based  in 
cationic  migration  through  the  oxide  film  is  considered  in  order  to  inter¬ 
pret  the  experimental  results.  This  model  was  applied  succesfully  in  the 
poten|iostatic  formation  of  aluminium  oxides  in  sulphuric  and  propanedioic 
acids  . 


The  monocompartimental  cell  used,  was  described  in  a  previous  work  . 
The  solutions  were  prepared  with  R.A.  quality  products  and  water  "illi-Q 
and  were  deareated  by  means  of  f.'  bubbling.  The  Cu  and  Sn  anodes  are 
99.9  ar.d  99.9999.  Reference  elec.rode  is  the  Hg/HgO/KOH(sln)  system,  and 
showed  a  good  stability  and  reproducibility.  The  potentials  reported  in 
this  'work  are  referred  to  this  electrode. 


The  potentials  studied  cover  the  range  from  40  to  -120  mV  for  Cu  elec¬ 
trode  and  from  -680  to  -S20  mV  for  Sn. 


The  electrodes  are  treated  electrochemically  1-3  minutes  at  certain 
cathodic  potential  and  then,  the  constant  set  potential  is  applied. 

Potentiostatic  curves  ottained  for  Cu  and  Sn  electrodes  are  similar 
and  show  a  characteristic  minima  and  maxima.  The  differences,  obbiously, 
corresponds  to  the  different  characteristics  of  the  electrogenerated 
oxides . 


In  order  to  establish  a  good  treatment  for  the  experimental  data  corres¬ 
ponding  to  the  formation  of  the  first  oxide  (before  to  minimum)  a  model 
established  for  oxide  growth  by  means  of  ionic  migration  is  applied.  In 
this  model,  the  equation  for  current  density  and  thin  films  (  <5  A),  is: 


a  (  S  -  1  ) 


Eq.  1 


were  0  and  ®  are  complex  equations  although  constants  for  a  certain  set 
potential.  When  the  oxide  films  are  thicker  (  >  5  A)  the  equation  corres¬ 
ponding  to  the  current  density  is: 
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Eq.  2 


with  Q  =  molar  volume  of  oxide  and  <  =  F.E/R.T  . 

In  this  migration  model,  the  electric  field  through  the  oxide  is  suppo¬ 
sed  independent  of  this  thickness,  depending  only  of  the  characteristics 
of  the  oxide.  Equations  1  and  2  justify  the  experimental  values  correspon¬ 
ding  to  other  metals°,  and  are  summarized  in  the  form: 

i  =  k.t-m  Eq.  3 


where  k  is  a  function  of  the  applied  potential  and  the  oxide  characteris¬ 
tics,  arid  n  depending  only  on  the  applied  potential. 


^hgr  autors  have 
type  1  : 


proposed  for  similar  models  an  equation  of  the 


i 


(1/i) 


t=0 


Eq.  4 


3  being  a  constant.  This  equation  when  B/iQ«t  corresponds  to  Eq.  3  with 
m  =  1,  A  value  of  m  near  0.5  is  in  agreement  with  diffusive  control  of 
the  process  and  growth  of  oxide  film  by  migration  at  low  fields.  When  m 
is  near  C.66  the  rate  determining  step  is  associated  with  metal  dissolu¬ 
tion  by  low  electric  field  action.  At  very  high  electric  fields,  Eq.  1  pre¬ 
vails. 

when  log  i  -  log  t  plots  are  made  in  the  formation  of  the  first  copper 
oxide  in  low  alkalinity  solutions,  the  va^ue  of  ^the  slope  obtained  is  near 
-1  (m  =  1),  wich  is  ir.  agreement  with  a  10  V. cm  electric  field,  fig  1. 


Figure^:  lg  i  ( m  A ) - 1  g  t  { s  ) .  €>,□,#,  K0?i  0.05  mol. 

_3 

dm  E  «=  -80,  -60  y  -40  mV.  v,*,o,  K0K  0.1  mol. 
—3 

dm  E  *  -80,  -60  y  -40  mV.  Metal:  Copper. 


The  slopes  obtained  for  3n  potentiostatic  oxide  formation  are  -0.70, 
fig.  2,  corresponding  with  oxide  growth  from  solution  and  low  electric 
fields.  These  results  are  in  agreement  with  those  obtained  by  other  workers 
in  re fereijpe  to  the  chemical  dissolution  and  inestability  of  this  first 
oxide  film  . 


Figure  2:  lg  i(mA)-lg  t(s).  e.o.e,  XOH  0.05  mol. 
-3 

dm  E  >  -680,  -720  y  -760  mV.  n  ,*,<*,  K0H  1.0 

_3 

mol. dm  E  =  -650,  -760  y  -630  mV.  Metal:  Tin. 
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COMPARISON  BETWEEN  MECHANICAL  AND  ELECTRICAL  DEPASSI¬ 
VATION  OF  STAINLESS  STEELS  IN  HOT  CHLORIDE  MEDIA 

M.  C ID,  D.  DESJARDINS,  M.C.  PETIT,  M.  PUIGGALI 
Laboratoire  de  Mecanique  Physique,  U.A.  CNRS  867,  Universite  de  Bordeaux  I 
351  cours  de  ta  Liberation,  33405  Talence  cedex  (France) 


To  compare  mechanical  and  electrical  depassivation  we  make  a  study  of  three 
alloys  :  308  L,  321,  316  L. 


C 

Mn 

Si 

S 

P 

Ni 

■a 

Mo 

Cu 

Ti 

308  L 

0.013 

1.86 

0.135 

0.006 

0.013 

9.85 

19.64 

0.06 

0.075 

<0.02 

321 

0.053 

1.24 

0.62 

9  ppm 

0.029 

9.18 

17.70 

0.29 

0.19 

0.42 

316  L 

0.013 

1.41 

0.41 

0.005 

0.017 

12.7 

18.67 

2.70 

0.085 

<0.02 

Before  depassivation  studies,  polarization  curvesare  drawn  for  each  alloy 
in  a  solution  of  MgCl^  -  30  7.  -  117°C  (fig.  1).  The  passivity  is  delimited 
by  E0  (potential  for  zero  current)  and  Edp  (potential  of  the  end  of  the  pas¬ 
sivity  plateau).  For  all  the  alloys  the  free  corrosion  potential  Ecor  is  si¬ 
tuated  in  the  passivity  range. 


E 

0 

Edp 

■  - 

E 

cor 

308  L 

-  460 

-  350 

-  369 

321 

-  440 

-  340 

-  368 

316  L 

-  390 

-  280 

_ 

-  340 

Characteristic  potentials 
(mV/ECS) 


To  follow  the  mechanical  depassivation  of  these  alloys,  cylindrical  sam¬ 
ples  (J  =  1,5  mm,  l  =  80  mm)  are  quickly  subjected  to  a  given  plastic  strain 
rate  (e  =  10  X)  with  a  strain  rate  e  =  66  X  mn-^ .  This  tests  are  realized 
unaer  controlled  potential  E  =  Ecor.  Current-time  curves  are  recorded  during 
and  after  straining  (fig.  2).  During  sample  straining  the  current  increases  ; 
when  straining  is  stopped  a  more  or  less  rapid  current  decrease  is  observed. 
The  maximum  of  the  current  depends  on  the  alloy  composition. 


The  electrical  depassivation  study  is  made  on  cylindrical  samples  (late¬ 
ral  surface  5  cm2)  by  potential  jump  (£E  =  100  mV)  from  a  potential  near 
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E,jp.  The  current  evolution  is  different  for  each  alloy  (fig.  3> . 

The  figures  2  and  3  let  us  the  comparison  between  the  current  evolution  du¬ 
ring  mechanical  and  electrical  depassivation  :  a  308  L  stainless  steel  which 
shows  a  more  important  current  during  mechanical  depassivation  is  also  distin¬ 
guished  by  a  rapid  current  increase  during  electrical  depassivation.  The  depas¬ 
sivation  of  316  L  stainless  steel  is  more  difficult  in  the  two  types  of  tests. 

The  two  depassivation  test  methods  are  complementary.  The  electrical  depas¬ 
sivation  leads  to  a  better  understanding  of  the  current  evolution  during  me¬ 
chanical  depassivation. 
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THE  EFFECT  OF  SO.Fe  TREATMENT  ON  COPPER  ALLOYS 
4 

IN  POLLUTED  SEA  WATER 

H.DI  NEZIO,  C.  MANFREDI,  S.  SIMISON  and  S.R.  de  SANCHEZ 
Instituto  en  Ciencia  y  Tecnologfa  de  Materialea,  Faeultad  de 
Ingenieria,  Universidad  Nacional  de  Mar  del  Plata,  Mar  del 
Plata,  Argentina. 


The  quality  and  the  behaviour  in  sulphide  contaminated  sea 
water  of  the  lepidocrocite  (FeOOH)  film  growed  on  different 
copper  alloys  (aluminum  brass  76:22,  aluminum  bronze  95:5, 
and  copper-nickel  alloys  90:10,  70:30)  have  been  studied. 

Corrosion  current  and  pittin  susceptibility  were  determined 
and  optical  microscope  and  SCAN  observations  were  used  also 
to  show  the  effect  of  sulphide  in  the  film  formation. 

The  lepidocrocite  film  enhances  the  polarization  of  the 
oxygen  reduction  and  modifies  the  anodic  current  making  it 
lower  and  change  the  pitting  potential  in  those  alloys 
susceptibles  to  this  form  of  attack. 

Sulphides  prevent  either  the  growing  of  lepidocrocite  film 
if  present  at  the  begining  of  treatment  or  promote  the 
fisuration  and  detachment  of  the  previously  formed  film. 

The  laboratory  test  reproduce  the  plant  conditions  to  permit 

the  applicability  of  the  lab  results  and  the  selection  of  the 

best  material  for  heat  exchanger  be  used  with  SO.Fe  treatment 

4 

in  polluted  sea  water. 
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FACTOR  CONTROLLING  CORROSION  RATE  IN  CONCRETE  EMBEDDED  REBARS 

¥  *y  ¥¥  ¥ 

A.  MOLINA  ,  C.  ANDRADE  ,  M.C.  ALONSO  andJ.A.  GONZALEZ 
*  C.E.N.I.M.,  MADRID,  SPAIN 
**I.E.T.  C.C.,  MADRID,  SPAIN 


INTRODUCTION 

Usually,  the  diffusion  of  the  atmospheric  oxygen 
through  the  concrete,  until  the  rebars,  has  been  considered  as 
the  most  significant  controlling  factor  of  the  corrosion  rate. 
However,  some  experimental  data  are  presented  in  this  paper 
which  seem  to  show  that  this  do  not  happen  so,  unless  the  con¬ 
crete  has  been  completely  saturated  in  water,  since  in  aireated 
concrete,  the  electrical  resistivity  seems  to  be  the  controlling 
f  actor . 

MATERIALS  AND  EXPERIMENTAL  TECHNIQUE 

Frismatic  mortar  specimens  were  fabricated  in  site 
2  x  5,5  x  8  cm.  They  were  made  with  ordinary  Portland  Cement 
with  a  water /cement  ratio  of  0,5  and  a  cement/sand  ratio  of 
'3.  They  had  embedded  two  identical  steel  bars  of  6  mm  diame¬ 
ter  as  working  electrodes  ;duplicated  experiment) and  a  central 
graphite  bar  as  auxiliary.  The  saturated  calomel  electrode 
was  used  as  reference. 

The  Polarisation  Resistance  technique  (Stern  and 
Geary  s  method)  as  measurement  technique  of  the  ccrrosicn  in¬ 
tensity,  was  employed.  A  constant  B  value  of  26  mV  for  the 
steel  ir.  active  state  and  of  52  mV  for  the  passive  one,  were 
used . 

The  specimens  were  neld  in  a  chamber  with  cyclic  va¬ 
riation  of  the  relative  humidity:  from  40  %  RH  tc  100  %  RH  and 
viceversa  every  cicle  lasting  i 00  days. 

RESULTS 


Figure  1  shows  the  evolution  with  time  for  the  spe¬ 
cimens  containing  2  %  CaCl  of  the  corrosion  intensity  of  the 
reoars  '"a),  the  resistance  measured  by  the  possitive  feed- 
—  tick  of  the-  potent iostat  (  1  b),  and  the  specimen  weight  va¬ 
riation  {  c)  due  to  the  variation  of  the  humidity  of  the 
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chamber  (the  weight  in  the  40%  RH  atmosphere  has  been  taken  as 
weight  level  reference). 

Figure  2  shows  the  same  variables  for  the  specimens 
without  admixtures. 

According  with  Gj0rv  results  on  the  oxygen  flux  through 
mortar  specimens1  the  limit  intensity  for  the  reduction  of  the 
oxygen  on  the  rebar  surface  would  be  0,2  ^iA/cm2  .  This  theore¬ 
tical  maximum  is  overcome  in  the  present  results  for  the  CaCl2 
containing  specimens  for,  at  least,  one  order  of  magnitude.  Mo¬ 
reover,  the  results  show  that  the  corrosion  intensity  increases 
when  the  humidity  increases  ar.d  if  the  oxygen  diffusion  had  been 
the  controlling  factor,  it  would  happen  just  the  contrary. 

By  other  hand,  for  specimens  containing  CaCl2  compa¬ 
ring  the  trend  of  the  corrosion  intensity  and  the  compensated 
resistance  (ohmic  drop),  they  are  considered  as  symmetrical 
figures,  therefore,  the  electrical  resistivity  that  is,  the 
facility  for  developping  the  anodic  process  control  the  corro¬ 
sion  rate. 

In  absence  of  admixtures  fpossivated  steel)  the  co¬ 
rrosion  intensity  is  independent  of  both  the  conductivity  of 
the  mortar  and  the  oxygen  diffusion  (figure  2). 

The  very  food  correlation  be*  -en  corrosion  inten¬ 
sity  and  compensated  resistance  in  shown  in  figure  3.  To  ex¬ 
plain  corrosion  intensities  about  ten  times  higher  than  the 
Gjprv  values  for  the  limit  oxygen  diffusion,  either  this  li¬ 
mit  is  not  of  general  applicability  and  serves  only  for  spe 
cimens  containing  passivated  reinforcements,  or  otner  catho¬ 
dic  process  is  developping  at  the  same  time.  In  this  last 
assumption  the  only  possibility  would  be  the  reduction  of  the 
protons  inside  the  pits. 
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TXHE,.  DAYS  (O40Wm*-l0O%HRl  TIME.  DAYS  <m40JWR*-l(X»HR) 


TIME,  DAYS  (  40%HR-*100%  HR  a)  TIME,  DAYS  {  40%HR-bl00%  HR#) 

Fig.  1.-  Behaviour  of  the  ateel  embe-  Fig.  2.-  Behaviour  of  the  ateel  embed 

dded  in  CaCl  containing  mortar  fo-  ded  in  aortar  without  admixtures  fo¬ 
llowing  the  huaidity  cycle*.  llowing  the  huaidity  cyclea. 


fig.  3.-  Relation  between  corroaion  intensity 
and  compensated  reaiatance  (poaaitive  feed- 
-back  of  the  potentioatat )  for  reinforcements 

embedded  in  mortar  with  CaCl  and  without 
.  .  2 
adaixturea. 


OOKPBfSATO  RESISTANCE 
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PITTING  AND  PROTECTION  POTENTIAL  OF  18/8  STAINLESS  STEEL 
IN  CHLORIDE  SOLUTIONS.  CATION  AND  DILUTION  EFFECT. 

J.J.  ROYUELA 

Centro  Nacional  de  Investigaciones  Metalurgicas .  Madrid.  Spain. 


Nowadays  there  is  a  general  agreement  ,  on  considering  the  pi¬ 
tting  potential,  E  ,  related  with  susceptibility  of  stainless  steels,  to 
pitting  corrosion  in  chloride  environments .  Pitting  potential  is  the  poten¬ 
tial  at  which  a  sharp  inflexion  in  the  anodic  polarization  curve  is  obser¬ 
ved. 

The  object  of  the  present  work  is  to  know  the  critical  pitting 
pete;  .ials,  pitting  and  protection  potentials,  of  a  conmercial  i 8/8  stain¬ 
less  steel  in  different  chloride  solutions. 

Measurements  were  carried  out  from  cyclic  potentiodinamic  anodic 
polarization  curves,  in  quasi-stationary  conditions,  by  changing  the  poten¬ 
tial  stepwise  at  a  rate  of  3  steps  of  2  mV  each  every  minute,  till  a  current 
of  about  3  mA  .cm2  is  reached. 

Analysed  composition  of  the  stainless  steel  was:  Fe-18.1  Cr  - 
8.1  Ni  -  1 .30  Mn  -  0,47  Mo  -  0,35  Si  -  0.050  C  -  0.030  P  -  0.005  S. 

Solutions,  0.1  and  1.0  N,  of  NH*,  Na+,  Ca++,  Mg4^,  K+,  Ni++, 

Fe  and  Cr  chlorides  were  used  and  test  carried  out  in  air  saturation 
condition  at  25±19C.  Tests  were  performed  with  agitation  of  the  solution, 
in  the  most  of  the  cases,  by  means  of  a  magnetic  stirrer. 

The  preliminary  steps,  of  the  12  rnn  diameter  disk  specimens, 
were:  ground  on  320  emery  paper,  cleaning  in  benzene  and  ethanol;  mounting 
of  the  specimen  in  a  fluorocarbon  holder  with  a  circular  neoprene  toric 
joint,  to  avoid  leaks,  and  an  adherent  electric  tape  washer  for  diminishing 
the  crevice  corrosion  risk,  being  limited  the  exposed  area  to  0.368  cm2. 

Different  methods  are  used  to  find  out  the  critical  pitting  po¬ 
tentials2,  but  results  for  pitting  potentials  are  uncertain  in  many  occa¬ 
sions,  and  the  sharp  inflexion  of  the  cyclic  potentiodinamic  anodic  polari¬ 
zation  curves,  in  our  case,  rarely  is  observed. 

In  Figs.  1-3  seme  polarization  curves  of  i 8/8  stainless  steel 
in  tr.e  solutions  tested  are  plotted.  In  ordinate  axis  pitting  potential,  E 
and  protection  potential,  Ep,  in  NH  Cl,  KC1  and  CrCl^  IN  and  0.  IN  solutions 
are  shown.  The  scan  direction  is  indicated  by  arrows. 

3 

Chloride  addition,  as  studied  by  Hoar  and  Jacob  ,  has  a  response 
in  current/time  curves  in  the  breakdown  of  passivity  of  stainless  steel. 
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This  may  be  the  reason  by  which,  in  some  cases,  pitting  is  not  observed  af¬ 
ter  the  cyclic  polarization  test;  that  is  the  case  of  NH +,  Na+  ,  Ca++, 

and  KT1-  IN  and  NH^4",  Na4"  and  Ca*4",  0.1  N  chloride  solutions. 

The  sweep  rate,  at  which  polarization  tests  were  carried  out, 

360  mV/h,  provide  a  quasi-stationary  condition^. 

Typical  hysteresis  loop  in  cyclic  potentiodinamic  anodic  pola¬ 
rization  curves  can  be  observed  in  the  middle  of  the  polarization  range, 
between  0.2  and  0.8  volts,  same  for  IN  as  for  0.1N  chloride  solutions.  See 
Fig.  1  to  3. 

Me  hysteresis  was  observed  in  stagnant  condition  with  Ca++, 
Or4"4"*,  Na*  and  Mg4"*,  IN  chloride  solutions.  Only  for  IN  NiCl2  solution  this 
phenomenon  was  noted. 

Attack  was  observed  to  initiate  preferably  at  the  electric  tape 
washer-werking  electrode  interface. 

The  scatter  of  the  Ec  results,  from  the  different  test  solutions 
was  quite  large:  more  than  200  mV  in  the  case  of  IN  NiCl  ,  same  in  stagnant 
as  in  agitation  conditions.  No  correlation  was  observed  Between  Ep  and  re¬ 
sulting  corrosion;  neither  between  open  circuit  potential,  Eq,  and  corrosion 
effect.  Ep  has,  in  all  the  cases,  a  lower  value  than  pitting  potential.  On 
tne  contrary  a  clear  relation  was  noted  between  Ec-Eq  and  final  corrosion. 
Smaller  differences  were  observed  for  the  higher  localized  corrosion 
(IN  FeCl^,  CrC13  31x1  0,1N  FeC13  s°luti°ns)  •  Much  more  higher  differences 
■were  observed  in  stagnant  condition. 


values  (FeCl 


The  higher  localized  corrosion  was  noted  for  the  lower  E„~E 
CrCl^  and  MgCl^  IN  solutions). 


P 


At  E  ,  the  values  for  c.d.  was  on  the  range  5  to  85  ^lA.cm'  ,  ex¬ 
cept  in  the  case  of  IN  FeCl^  that  was  higher. 


The  inverse  of  polarization  resistance  Rp-1  ,  gives  values  of 
about  cm-2  for  NH*  Mg++,  Ca4"4"  and  IC4"  IN  chloride  solutions  and 

higher  values  for  Na4",  Ni*4,  Cr4’*4"  and  Fe***  ones  (2.3  x  10"5,  1.4  x  10-4, 
9  x  1 0-4  and  6  x  lO-2-^--1  cm-2,  respectively).  Lower  values  are  found  for 
stagnant  condition  and  for  O.iN  solutions. 
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INVESTIGATION  OF  THE  PROPERTIES  OF  OXIDE  LAYERS  FORMED 
ON  ALUMINIUM.  AND  ACTION  OF  CITRATE  AND  CHLORIDE  IONS  ON 
THE  OXIDE  BY  THE  P0TENT10DYNAMIC  METHOD 

M.ERGUN  and  S.0NER1 

Faculty  of  Science,  Ankara  University 


Anodic  oxide  films  may  be  of  two  types,  barrier  and  porous,  depend i no 

on  the  electrolyte  in  which  they  are  formed.  The  structure  of  the  oxide 

formed  anodically  in  any  electrolyte,  were  tried  to  be  determined  either, by 

the  use  of  potential-time  curves^  obtained  by  the  gal vanostatic  method  or 
2 

current-time  curves  obtained  potentiostatical ly  and  electron  microg- 
3  4  5 

raphs  *  ’  .  The  current-potential  curves  were  seldom  used  in  the  investi¬ 
gation  of  the  structure  of  the  oxide  films.  Thesecurves  were  obtained  for 

the  investigation  of  the  evolution  of  hydrogen  and  oxygen  rather  than  the 

6  7 

oxide  structure.  In  our  previous  investigations  '  the  structure  of  the 
oxide  film  was  investigated  between  the  region*4,5  V  by  potentiodynamic 
method. 

The  purpose  of  this  study  was  mainly,  the  determination  of  the 

structure  of  anodic  oxide  film  by  obtaining  current-potential  curves 

between  corrosion  potential  and  about  +10  V. 

The  working  electrodes  were  prepared  from  1.5x35x0.05  (cm)  aluminium 

sheets  with  %  99.5  A1  (0.40  Fe  :  0.25  Si  :  0.1  S  wt  %).  Exposed  area  of  the 

2 

electrodes  was  about  1. 0-2.0  cm  and  the  other  parts  ware  lacquered. 

The  current-potential  curves  were  obtained  both  in  the  electrolytes 
which  are  known  to  form  barrier  film,  0.1  M  sodium  phosphate,  0,1  M  sodium 
tartarate,  0.1  sodium  tetraborate  0.1  M  sodium  citrate  and  in  the  electro¬ 
lytes  known  to  form  porous  film,  0.02  M  sulfuric  acid  (pH  2.2),  0,1  M 
chromic  acid  (pH  0.9  )  and  0.1  M  sodium  sulphate,  by  the  potentiodynamic 
method  at  a  sweep  rate  of  300  mV/min,  The  pH  of  barrier  la/er  forming 
electrolytes  were  adjusted  to  9.0  with  NaOH. 

It  can  be  seen  from  the  potential-current  curves  illustrated  in  Fia 
1 .;  the  type  of  the  oxide  film  formed  on  aluminium  in  any  anodizing  solution, 
whether  it  is  porous  (Fig.l  a)  or  barrier  (fig.l  b)  could  be  determined  from 
the  analysis  of  these  curves,  t  1.3  V  and  about  t  7  potential  values  were 
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observed  as  repeating  characteristic  values  on  current-potential  curves  in 
the  formation  of  aluminium  oxide.  The  first  potential  (1.3  V)  value  was 
independent  on  the  pH  value  and  as  this  potential  is  the  potential  at  which 
oxygen  evolution  occured,  nascent  oxygen  atoms  make  the  oxide  formation  and 
pore  initiation  easier.  The  potential  value  of  7  V  seems  to  be  the  potential 
at  which  the  pore  diameter  and  film  growth  rate  has  increased.  Sulfuric 

O 

acid  has  the  lowest  steady-state  growth  potential  amoung  the  electrolytes 
which  had  the  solvent  action  on  the  aluminium  oxide,  namely  sulfuric  acid, 
chromic  acid  and  sodium  sulphate.  The  current  increase  observed  at  about 
2.5  V  on  the  current-potential  curve  obtained  in  sulfuric  acid,  might  show 
that  the  pore  diameter  became  larger  at  lower  potential  values  in  the 
sulfuric  acid  than  the  chromic  acid  solution.  It  was  found  in  this  study 
that  NaHC03  which  was  not  used  as  anodizing  electrolyte  till  now  has 
supported  the  growth  of  barrier  film  (Fig  1  b-1). 

When  various  amounts  of  sodium  citrate  were  added  to  porous  film 
forming  electrolytes ,  0.1  M  NagSO^  (pH  8  and  9)  solutions,  it  was  found  that 
the  current  values  decreased  as  the  amounts  of  sodium  citrate  increased.  In 
SO^  containing  electrolytes,  the  presence  of  enough  citrate  ions  might 
cause  transition  from  the  porous  film  growth  to  barrier  film  growth.  This 
effect  was  observed  when  the  [Cit3’]  /  [S042“J  ratio  was  equal  to  two  for 
the  polarization  curves  obtained  with  the  electrodes  waited  in  the  test 
solutions  and  to  one  for  those  obtained  with  the  electrodes  which  were  not 
waited  in  the  test  solutions. 

Further,  the  effect  of  chloride  ions  in  the  media  containing  citrate 
ion,  was  investigated.  In  these  media  for  the  fixed  values  of  citrate  con¬ 
centration,  varying  amountsof  Cl”  ions  were  added.  Pittinq  potential  (E  ) 
and  critical  pitting  potential  ( ^Cpp )  va^ues  were  determined  from  current- 
potential  curves  obtained  by  poteritiodynamic  method  at  a  sweep  rate  of  30 

mV/mio.The  following  linear  relationships  were  found  between  E  ,  E  and 
-  r  -T  r  30  PP  ^pp 

C.  ions  concentration  and  theiCl  J  /  J_Cit  J  ratio. 

Epp  =  "  0,740  “  0,176 

Ecpp=  -  0.727  -  0.107  Jogfc l'j 

E  —  -  0,533  -  0.830  log  {Cl~J/^Cit3l] 

r  r 

Ecpp-  -  0,532  -  0.089  log [d”J/ [ci t3”J 
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THE  EFFECT  OF  SO*  ON  THE  KINETICS  OF  THE 
ANODIC  OXIDATION  OF  COPPER 

Ines  T.E.  FONSECA  and  Ana  C.S.  MARIN 
CECUL,  R.  da  Escola  Politecnica,  58,  1294  Lisboa  Codex  (Portugal) 


Many  studies  can  be  found  in  the  literature  on  the  oxidation 
of  copper  in  alkaline  medium,  however  very  little  has  been  done 
concerning  to  the  effects  of  So|“. 

Our  studies  have  demonstrated  that  the  electrochemical  res¬ 
ponse  of  a  copper  electrode  in  alkaline  medium  depends  extremely 
on  the  conditions  of  oxidation  i.e.,  electrode  pretreatment  and 
potential  profile  applied.  Such  effects  have  also  been  reported 
recently  by  Arvia  et  col '.2.  Thus,  a  standard  electrode  pre¬ 
treatment  was  established  and  strictly  maintained  during  experi¬ 
ments  3, 

2- 

The  effect  of  SO4  on  the  electrochemical  oxidation  of  onpper 
in  aqueous  medium  at  pHs  of  12.8,  9. 5, 6. 9  and  5.9  was  studied  mainly 
by  cyclic  voltammetry,  at  different  values  of  sweep  rates  (50  < 
<  v  <  200  mV  s“l)  different  limits  of  potentials,  and  by  holding 
the  electrode  at  certain  values  of  potential,  during  different 
time  intervals. 

Figure  1  shows  some  of  the  results  obtained  for  the  system 
Cu/xM  Na2S04 atpHs  of  5.9,  6.9  and  9.5. 
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Results  on  fig.  1  indicate  some  special  features  due  to  the 
presence  of  So|“,  e.g.: 

i)  Promotion  of  corrosion,  both  in  terms  of  potential  and 
charges.  Moreover,  the  charge  associated  to  peaks  A  and 

B  increases  when  concentration  in  SO?"  increases. 

4 

ii)  The  passivity  due  to  the  film  of  Cu(OH)2/CuO  (region  B-C) 
is  destroyed  at  much  lower  values  of  potential  in  the 
presence  of  SOg  .  Consequently,  the  rate  of  copper  corrosion 
increases  drastically, as  shown  by  the  steep  increase  in 
current  at  E  -  0  V,  followed  by  the  cathodic  peak  C' . 

iii)  All  reduction  peaks  are  displaced  to  more  negative  poten 
tiais  and  an  additional  peak  D'  is  observed,  in  the  pre¬ 
sence  of  SO?-. 

4 

The  analysis  of  peak  currents,  peak  potentials  and  charges 
as  a  function  of  sweep-rate,  for  each  system,  was  made.  The  re¬ 
sults  of  such  analysis  are  summarized  in  table  1. 
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TABLE  1 .  Analysis  of  potential  and  peak  currents  as  a  function 
of  sweep-rate. 


pH 

< 

V 

« log  Ip 

l_so*‘ 

M 

:  -i 
—  v 

Slog  Ip 

Slog  v 

Slog  v 

-0.15-0. 

066  log  v 

0.55 

0.01 

0.50 

5.9 

-0.29 

0.72 

0.1 

-0.09 

0.78 

-0.32 

0.67 

1 

-0.12 

0.75 

-0.047  -0 

.15  log  v 

0.63 

0.01 

0.67 

6.9 

-0.36 

0.70 

0.1 

-0.12 

0.75 

-0.32 

0.71 

1 

-0.13 

0.71 

-0.032  -0 

.13  log  v 

0.49 

0 

0.62 

9.5 

-0.32 

0.79 

0.1 

-0.11 

0.71 

-0.31 

0.70 

1 

-0.10 

0.73 

-0. 09+0. 033 Jog  v 

-0.36  +0. 

033  log  v 

0.54 

0 

0.43 

12.8 

-0. 05+0 .067 log  v 

-0.39  -f  0. 

033  log  v 

0.55 

0.1 

-0.17+0. 03 31ngv  0.52 

-0.36 

0.66 

1 

-0.16 

0.80 

The  relationships  obtained  between  the  peak  currents  and 
scanning  rate  indicate  that  while  in  the  absence  of  SO^“  the  kinetics 
of  peaks  A  and  B  are  under  diffusion  control,  in  the  presence  of 
SO^  they  change  to  a  mixed  control  by  diffusion  (I  av^'M  and  by 
any  surface  process  (l_a  v1) .  But,  the  independenceon  sweep-rate 
shown  by  peak  potentials  and  peak  charges,  tell  us  that  such  controlling 
surface  process  is  more  likely  an  adsorption  process.  2_ 

Results  on  table  1  show  also  that  the  amount  of  SO4  to  pro 
duce  such  changes  in  kinetics  is  a  function  of  pH.  In  fact,  while 
at  pH  9 . 5  LSO^-^]  <  0.1M  produce  the  observed  deviations  at  pH 12. 8 
only  \SO%~2  *  0.5M  do  so. 

The  observed  results  were  interpreted  as  a  consequence  of  the 
reduction  of  the  activation  energy  of  the  electrochemical  processes 
through  the  sulphate  ions,  strongly  adsorbed  on  the  anodic  areas. 
Quantitative  data  suggest  the  direct  participation  of  OH~  and 
SO^-  in  the  elementary  steps  of  the  role  process. 
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PHOTOELECTROCHEMICAL  INVESTIGATIONS  OF 
PASSIVE  FILMS  ON  TITANIUM  ELECTRODES 

K.Leitner,  J.W.Schultze 
Institute  of  Physical  Chemistry  (II) 

University  of  Duesseldorf,  4000  Duesseldorf  1,  F.R.G. 

and 

U. Stimming 

Department  of  Chemical  Engineering  and  Applied  Chemistry, 
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Introduction 

Passive  films  on  metal  electrodes  are  usually  formed  of  the  corresponding 
met3l  oxides  which  show  semiconducting  or  insulating  properties.  For  in-situ 
investigations  of  the  passive  film,  photoelectrochemical  techniques  offer  the 
possibility  of  characterizing  the  passive  film  with  respect  to  its  solid  state 
properties.  In  particular,  the  observation  of  differences  between  the 
behavior  o:  passive  films  and  the  corresponding  bulk  oxides  all^  >s  for  a  more 

detailed  analysis.  Recent  work  with  amorphous  oxides  / 1 /  and  modei  . ’ 

tions  which  were  carried  out  for  the  photoinduced  electron  transfer  in  dis¬ 
ordered  materials  /2 /  demonstrate  that  the  photoelectrochemical  behavior  of 
crystalline  and  amorphous  compounds  is  quite  different  in  various  aspects. 

For  passive  films  on  titanium  a  change  from  the  amorphous  to  crystalline  state 
with  formation  potential  of  the  film  was  found  from  electron  diffraction  / 3 / . 

So  it  seems  interesting  if  such  findings  can  be  correlated  with  photoelectro¬ 
chemical  data.  Previous  work  on  photoelectrochemical  behavior  of  passivated 
titanium  electrodes  /4,5/  demonstrated  Ti02  properties  of  thick  films, 
however,  breakdown  phenomena  of  the  film  are  also  reflected  in  the  results. 

For  very  thin  films  a  strong  influence  of  the  electric  field  in  the  film  and 
a  band  gap  higher  than  in  Ti02  has  been  found  / A/ . 

Experiments  were  carried  with  passive  films  of  appr.  5-200  nm  thickness. 
Photocurrents  were  measured  as  a  function  of  the  wavelength  of  the  incident 
light  and  the  electrode  potential.  Aging  effects  on  photocurrent  spectra 
and  the  potential  dependence  were  carried  out  as  well. 

Experimental 

Passive  films  were  formed  in  LM  H2SO1,  at  various  potentials  Uox  =  4V  to 
105  V.  The  formation  time  was  generally  5  rain.;  aging  was  performed  at 
UCX-LV  for  up  to  21h.  Photocurrent  measurements  were  carried  out  in  the  same 
electrolyte  with  a  monochromatic  light  source  consisting  of  a  450  W  Xe  lamp 
and  a  monochromator .  Spectra  were  recorded  in  the  200-800  nm  range;  the 
potential  dependence  of  the  photocurrent  was  measured  between  U  =  0-1.8  V  (SHE). 
Photocurrents  were  transformed  into  quantum  efficiencies  with  respect  to 
incident  light. 

Results  and  Discussion 

Photocurrent  spectra  are  shown  in  Fig.l  for  various  formation  potentials, 

Uox,  of  the  passive  film.  At  low  Uox  a  steady  increase  of  the  quantum  effi¬ 
ciency  with  the  photon  energy,  hv,  is  observed.  For  Uox  »  26V  a  shoulder 
develops  at  appr.  4eV  which  becomes  a  pronounced  peak  at  3.8eV  for  U  ■  56V. 

For  thick  films  which  are  represented  by  the  film  formed  at  105  V  this  peak 
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disappears  again.  The  four  examples  shown  in  Fig.l  are  representative  of  four 
different  types  of  behavior.  Please  note  that  the  curves  for  26  and  56  V  are 
enhanced  by  a  factor  of  five.  Over  a  wide  range  of  hv  and  especially  at 
higher  hv,  the  quantum  efficiency,  n,  is  higher  for  thin  films  compared  to 
films  of  intermediate  thickness. 

Typical  quantum  efficiency-potential  curves  are  given  in  Fig. 2  for  films 
formed  at  13  and  105  V.  Thick  films  show  a  limiting  currenc  for  hv=5.2eV 
while  for  lower  hv  the  quantum  efficiency  still  increases  with  U  up  to  1.8V, 
although  from  U=0.8V  on  the  potential  influence  is  weaker  than  at  low 
potentials.  Thin  films  have  a  much  stronger  potential  dependence.  The  shape 
for  5.2  eV  is  similar  to  that  at  thicker  films  for  lower  photon  energies.  At 

3.2  eV,  however,  the  potential  dependence  becomes  exponential-like  indicating 
a  strong  influence  of  the  electric  field  in  the  passive  film. 

Aging  of  the  film  was  done  in  the  electrolyte  under  potentiostatic  control. 
In  general,  photocurrents  increased  upon  aging,  for  longer  times  also  changes 
cf  spectral  and  potential  characteristics  are  observed. 

A  detailed  analysis  of  the  absorption  edge  shows  that  band  gap  energies 
which  were  determined  from  (n-hv)1/2vs.  hv  plots  has  a  value  of  e|  of  appr. 

3.3  eV  decreasing  slightly  to  3.2  eV  for  thick  layers.  This  band  gap  value 
corresponds  to  indirect  transitions  in  crystalline  semiconductors;  linearity 
is  also  observed  with  amorphous  semiconductors,  but  reflects  rather  the 
density  of  state  function  close  to  the  band  edges.  So-called  direct  band  gaps 
which  are  obtained  from  (rhv)2  vs.  hv  plots  can  not  be  observed  for  films 
formed  at  Uox=20  V  or  less.  For  high  Uox,  E^  first  decreases  from  3.7  eV  to 
3.5  (at  Uox=30  V)  and  then  stays  constant  up  to  very  thick  films.  This 
indicates  that  films  formed  below  20V  are  amorphous.  This  assumption  is 
confirmed  by  an  analysis  of  the  potential  dependence  of  the  photocurrent. 

The  strong  potential  influence  found  for  low  hv  and  thin  films  (see  Fig. 2) 
turns  out  to  follow  a  Poole-Frenkel  behavior  which  is  typical  for  amorphous 
semiconductors,  as  well  / 1 , 2 /. 

The  investigations  demonstrate  that  photoelectrochemical  measurements  are 
able  to  determine  important  solid  state  properties  of  passive  films  under 
in-situ  conditions.  At  the  same  time  it  allows  for  a  distinction  between  the 
amorphous  and  crystalline  state  of  the  surface  film. 
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Photon  Energy  hv/eV 


Fig.l  Photocurrent  spectra  recorded  at  U  =  1.5V  for  passive  films 
formed  at  various  potentials  Uox 
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Fig. 2  Potential  dependence  of  the  quantum  efficiency,  n,  for  a  thin 
(Uox  »  13V)  and  a  thick  (Uox  »  105V)  film. 
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APPROXIMATE  EQUATIONS  FOR  THE 
CONSTANT  VOLTAGE  STAGE  OF  THE  ANODIC  OXIDATION 

J.M.  ALBELLA,  I.  MONTERO  and  O.  SANCHEZ-GARRIDO 
Instituto  de  Flsica  del  Estado  S61ido,  CSIC  and 
Departamento  de  Flsica  Aplicada,  Universidad 
Autdnoma.  Cantoblanco.  Madrid  28049  (Spain) 


The  anodic  oxidation  of  valve-metals,  such  as  Ta,  A1 ,  Ti, 
etc.  is  usually  carried  out  in  a  two-stage  process  in  which 
galvanostatic  and  potentiostatic  conditions  are  succesively 
imposed  during  oxide  formation.  In  the  potentiostatic  mode 
there  exists  a  continous  decrease  of  the  ionic  forming  current 
as  a  consequence  of  the  film  thickness  growth.  The  thickness 
increase  in  this  stage  may  amount  up  to  more  than  10%  of  the 
thickness  obtained  in  the  galvanostatic  mode.  In  addition,  the 
constant  voltage  stage  is  supposed  to  be  critical  in  determi¬ 
ning  the  final  oxide  quality.  Despite  its  technological  and 
fundamental  interest,  the  constant  voltage  stage  of  anodiza¬ 
tion  has  received  little  attention  in  the  literature  and  on¬ 
ly  scarce  data  has  been  published1 .  j 

In  this  communication  approximate  relations  for  the  time 
variation  of  the  anodization  ionic  current,  the  thickness 
growth  and  the  electric  field  during  the  constant  current 
stage  of  anodization  will  be  derived.  These  relations  can  be 
obtained  by  integration  of  the  differential  equation  which  re 
gulates  the  potentiostatic  process,  i.e.  the  Faraday  Law 
dx/dt  =  Ki ( t) ,  where  dx/dt  expresses  the  time  derivative  of 
the  thickness  x,  K  is  a  constant  which  accounts  for  the  char¬ 
ge  to  mass  conversion  and  i(t)  is  the  instant  ionic  current 
density.  This  last  magnitude  is  given  by  i(t)  =  i  {exp  BE(t)} 
with  i  and  B  constants  and  Eft)  the  anodization  electric 
field. 


Under  the  condition  that  the  thickness  grown  in  the  cons¬ 
tant  voltage  stage  (potentiostatic  mode),  x(t),  is  a  small 
fraction  of  the  thickness  grown  at  constant  current  (galvanos 
tatic  mode),  xq,  that  is  x(t)/x  <<1,it  is  possible  to  obtain 
an  approximatesolution  for  the  above  differential  equation. 
It  will  be  shown  that  the  final  equation  for  the  variation  of 
the  thickness  with  time  obtained  under  this  approximation  is: 


x  (t) 


BE  t 

o 


t 

o 


1) } 


(1) 


'.n  this  equation  t  is  time  elapsed  from  the  switching  to  the 
potentiostatic  mode  and  t  is  the  time  consummed  in  the  gal¬ 
vanostatic  mode. 
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Similarly,  the  anodization  electric  field  E(t)  and  the  ionic 
current  density,  i(t),  are  given  by  the  approximate  equations: 


1  +  { In (BEQt/ tQ  +  1 )  }/BEq 


i(t)  = 


SEot/to  -  1 


where  E  and  i  are,  respectively,  the  anodization  electric 
field  and  the  Surrent  density  imposed  during  the  galvanostatic 
conditions . 


i(t)  E(t) 
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From  the  equations  ( 1  —  3 )  it  is  evident  that  the  normalized 
values  x/x  ,  E/E  and  i/i0  only  depend  on  the  normalized  time 
t/t  .  Thisract  illows  to  calculate  theoretically  the  variation 
of  ?he  above  magnitudes  for  given  experimental  conditions  of 
anodization.  Fig.  1  shows  a  plot  of  the  normalized  thickness, 
current  density  and  electric  field  for  a  value  of  the  product 
BE  =  40.  This  is  a  typical  value  for  tantalum  anodization.  The 
br8ken  lines  in  this  figure  represent  the  exact  values  obtained 
by  numerical  methods  of  integration  of  the  differential  equa¬ 
tion.  It  is  observed  a  good  agreement  between  the  approximate 
and  the  exact  values  for  the  thickness  and  the  electric  field. 
Tha  calculated  error  of  the  total  thickness,  x  +  x  ,  is  less 
than  1%  in  the  range  of  time  t/t  <  3  for  the  example  given 
above.  Due  to  the  exponential  dependence  of  the  ionic  current 
density  on  the  anodization  electric  field  the  error  introduced 
in  the  current  density  by  the  approximate  equation  (3)  may 
amount  up  to  17%  for  long  periods  of  anodization  in  the  poten- 
tiostatic  conditions,  i.e.  for  t/t  > 

Equation  (3)  is  formally  identical  to  the  equation  previous¬ 
ly  obtained  by  Dreiner2  using  a  more  restrictive  approximation: 
x(t)  s  0.  Obviously,  this  condition  also  implies  E(t)  s  Eq, 
in  contrast  to  the  equations  (1)  and  (2).  Furthermore,  the  use 
of  the  normalized  variables  introduced  in  this  work  eliminates 
the  voltage  dependence  in  the  current  equation  given  by  Dreiner 
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THE  EFFECT  OF  THE  FUNCTIONAL  GROUPS  IN  THE  INHIBITOR  MOLECULE 
UPON  ITS  PROTECTIVE  EFFICIENCY 
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In  a  previous  paper  of  ours  (1)  the  effect  of  the  length 
and  the  type  of  the  carbon  chain  in  the  inhibitor  molecule  upon 
its  protective  efficiency  was  studied, In  the  present  paper  the 
effect  of  the  functional  groups,  their  type  and  position  in  the 
molecule  chain  upon  the  inhibitor  protective  efficiency  is  diss- 
cussed . 

Generally  the  investigato^I^find  a  rise  in  the  inhibiting 
effect  with  the  increase  of  the  number  of  the  functional  groups', 
an  explanation  of  the  fact  is  made  assuming  these  groups  to  act 
as  adsorption  centers. 

According  to  the  chemical  structure  of  the  functional 
groups  the  literature  data  are  as  follows:  sulpher-containing 
inhibitors  rise  the  protection , methyl  groups  lead  to  its  decrease 
the  halogen  groups  influence  it.Atomatic  radicals  are  on  the 
whole  more  effective  than  the  amine  groups,  due  to  the  forming  oif 
surface  complexes  with  protective  efficiency. 

The  following  dependencies  according  to  the  place  of  the 
functional  group  in  the  carbon  chain  are  found  .The  protective 
efficiency  in  the  case  of  branched  carbon  chain  deminishes .The 
methyl  group  in  o-position  has  a  similar  effect  .Cis-amines  are 
more  effective  inhibitors  than  trans-amines  .The  last  is  explained 
by  the  changed  inhibitor  adhesion, due  to  the  different  orientation 
of  its  molecule  on  the  metal  surface. 

Usually  when  aromatic  cycles  are  get  into  the  molecule  the 
inhibiting  effect  rises  although  in  some  cases  the  opposite  is 
observed .Benzyl  radicals  are  often  more  effective  than  the  phenyl 
radicals  . 

The  inhibiting  effect  is  greater  in  the  case  of  complex 
bonds  in  the  functional  groups  than  in  the  case  of  simple  bonds 
only. This  accounts  for  the  role  played  by  the  complex  bonds  as 
adsorption  centers  .The  place  of  the  complex  bond  is  of  importance 
as  weiljthe  most  effective  are  the  compounds  with  a  triple  bond 
at  the  end  of  the  carbon  chain . 

The  explanations  of  these  experimen »^i  facts  are  usually 
made  on  the  basis  of  sterical  indrance,  of  some  physical  prooerr- 
taes  of  the  molecule  and  of  the  adsorption  layer  but  mainly  -  of 
the  chemical  structure  of  the  inhibitor,  treated  n s  an  electron 
distribution  in  the  molecule  chain. 

It  must  be  underlined  that  the  experimental  data  are  not 
sufficient,  in  some  cases  even  contradictory,  which  impedes  their 
quantitative  interpretation  .Moreover  the  data  are  often  obtained 
at  uncomparabie  conditions  .To  this  effect  it  is  of  interest  to 
compare  the  protective  efficiency  of  inhibitors  distinguishes  by 
the  number,  tyre  and  place  of  the  functional  groups  in  the  carbon 
crain  keeping  all  the  other  experimental  conditions  constant- 
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The  techniques  used  and  the  precise  experimental  conditions  of 
our  study  are  identical  with  these  in  (1) 

A  comparison  is  made  of  the  inhibiting  effect  on  steel  of  two 
heterocyclic  compounds  -  piperazine  (PIP)  and  morpholine  (MOR) . 
The  difference  in  their  structure  is  that  in  MOR  a  NH-group  is 
substituted  by  an  oxygen  atom  .This  change  decreases  the  protective 
efficiency  very  much  -  tha  corrosion  current  increases  from 
3.0x10“  A/cnr  to  5.2x10”  A/cnr; -the  corrosion-rates  estimated 
as  weight  loss  -  from  0.059  g/h  .nr  to  0.062  g/nr  .h  . 

Again  on  steel  a  comparison  is  made  betewen  ethyl  amine  (EA} 
and  ethylendiamine  (EDA;  .After  the  replacement  of  the  second  hy¬ 
drogen  atom  by  NH2-group  the  inhibiting  effect  slightly  slows  2 
down .The  corrosion  current  rises  respectively  from  2.2x10“  £/ctth 
to  2.5x10“  A/cm  .h;  the  corrosion  rate  rises  from  0.010  g/ni  .h 
to  0  .025  g/in  .h  . 

The  data  for  EA  are  compared  with  these  for  monoethanol  amine 
(MAA)  -  both  on  steel  .When  a  hydrogen  atom  in  the  molecule  of  EA 
is  replaced  by  a  OH-group  (in  MAA)  a  decrease  in  the  inhibiting 
effectis  observed  .The  corrosion  current  rises  from  2.2x10“  to 
5.0x10“  A/cnr  .h  and  the  corrosion  rate  -  from  0.010  to  0.044 
g/n;  .h . 


The  data  for  quinoline  (QIN)  and  8-hydroxyquinoline  (OQI)  are 
compared  on  copper  .The  replacement  of  one  of  the  H-atoms  by  a 
OH-group  snaply  decreases  the  inhibiting  effect  .The  corrosion  „ 
current  rises  from  0.08x10“°  A/cin  (  for  QIN)  to  7.00x10”  A/cnr 
for  0X1 .  This  result  is  similar  to  that  on  steel  ,  on  which  the 
replacement  of  a  hydrogen  atom  by  a  OH-group  also  leads  to  a 
decrease  of  the  inhibiting  effect. 

The  comparison  of  OQI  and  2-methyl-hydroxyquinoline  (MOQ), 
distinguished  by  a  methyl  group  only,  on  copper  shows  an  increase 
of  theinhibiting  effect_.The  corrosion  current  decreases  from 
7.0x10“  A/cnr  to  6.0x10“°  A/cnr  .This  stands  in  agreement  with 
the  authors  (2)  who  show  that  with  the  increase  of  the  number 
of  the  substituents  the  inhibiting  effect  grows  up  .There  are 
however  papers  where  the  opposite  is  afirmed. 

The  results  obtained  on  copper  are  somewhat  in  discrepance  with 
the  assumption  of  a  compensation  of  the  effect  of  the  methyl-and 
tne  OH-group  in  MOQ  on  account  of  which  the  inhibiting  effect  is 
zero,  i  .e .  the  corrosion  current  is  the  same  in  solutions  with 
ar.d  without  inhibitors  .This  problem  needs  a  further  study. 

The  anodic  ana  cathodic  curves  on  steel  are  shown  in  Pig.l 
in  solution  of  Na230.  in  the  presence  of  inhibitor  -the  solid 
line  -  and  in  it3^absence  -dashed  line  .A  typical  case  is  chosen 
-  the  protection  byEIA.The  corresponding  curves  on  copper  in 
KC1  and  QIN  are  shown  in  Fig. 2. 

Several  kinetic  parameters  for  the  inhibitors  studied  on  steel 
and  copper  are  summarized  in  Tabl  .1  and  2  respectively. 

for  a  more  detailed  discussion  of  the  data  obtained  for  the 
effect  of  the  length  and  the  type  of  the  chain,  as  well  as  the 
effect  of  the  number, type  and  place  of  the  functional  groups  a 
quantum  mechanical  treatement  is  done, which  is  the  object  of  a 
next  publication  of  ours. 
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ELECTROCHEMICAL  EVALUATION  OF  THE  DEGREE  OF  SENSITIZATION 
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This  work  studies  the  influence  of  cold  plastic  deformation  and  of  the 
possible  formation  of  martensite  on  the  susceptibility  to  intergranu¬ 
lar  corrosion  (I.G.C.)  of  austenitic  stainless  steels. 

This  work  studies  the  influence  of  cold  plastic  deformation  and  of  the 
possible  formation  of  martensite  on  the  susceptibility  to  intergranu¬ 
lar  corrosion  (I.G.C.)  of  austenitic  stainless  steels.  The  tests  (Mo¬ 
dified  Strauss  test,  Oxalic  Acid  etch),  were  made  on  an  AISI  304L 
steel,  cold  rolled  to  various  reduction  ratios  at  room  temperature  or 
ac  -  196°C  and  heat  created  between  300  and  500°C.  Furthermore,  the 
applicability  of  the  electrochemical  potentiokinetic  reactivation 
(EPR)  test,  performed  according  to  Clarke  procedure  described  in  a 
previous  paper(*) ,  to  determine  the  susceptibility  of  cold  plastic- 
deformed  materials  to  intergranular  corrosion  was  verified. 

The  importance  of  cold  plastic  deformation  on  sensitization  was 
recently  broughc  to  light  since  in  practice  all  steels  are  somewhat 
deformed  before,  during  or  after  heating  to  sensitizing  temperatures. 
In  any  of  these  three  cases,  the  susceptibility  to  intergranular 
corrosion  may  differ  from  that  of  undeformed  steel. 

The  effect  of  cold  plastic  deformation,  performed  before  or  during 
the  sensitizing  treatment,  can  best  be  explained  on  the  basis  of  the 
theory  of  chromium  depletion,  commonly  accepted  for  underformed  steel. 
Cold  plascic  deformation  induces  structural  changes  within  the  auste¬ 
nitic  matrix,  which  help  diffusion  processes  and  chiefly  chromium 
diffusion.  Room  temperature  deformation  essentially  causes  dislocation 
density  to  increase  and  deformation  bands  to  form  and  develop.  Conse¬ 
quently,  when  degree  of  deformation  increases,  the  chromium-rich 
carbides  nucleate  and  grow  more  rapidly  and  carbide  precipitation 
inside  the  grain  may  occurs.  Chromium  rediffuses  more  rapidly  in  those 
areas  that  have  been  depleted  by  carbides  precipitaion. 

The  deformation  at  -196°C  causes  a'-  martensite  to  form.  Its  presence 
is  not  always  considered  although  ic  also  has  a  similar  accelerating 
effect  on  the  sensitization  process  due,  among  other  things,  to  lower 
carbon  solubility. 

Some  of  our  results  are  summarized  in  Fig.  1,  Fig.  2  and  Fig.  3.  From 
these  results  the  following  conclusion  can  be  drawn: 

1.  Cold  rolling  accelerates  steel  sensitization  at  temperatures 
ranging  from  500  to  300*C.  The  effect  is  more  pronounced  when 
a ' -martensice  Is  formed. 


(*)  T.  Pastore  et  al.  9th  I.C.M.C.  -  Toronto,  1984;  Volume  1,  pp.46I- 
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2.  The  etching  morphology  varies  for  rolled  and  sensitized  test- 
pieces:  etching  occurs  also  or  exclusively  inside  the  grain. 

3.  The  EPR  test  for  non-rolled  AISI  304L  steel  shows  good  corre¬ 

lation  with  the  modified  Strauss  test;  specifically,  the  sensi- 
tizatiqn  threshold  value  of  the  normalized  charge  «  Q/GBA  « 
2  C/cm  (according  to  Clarke)  is  confirmed.  a 

4.  The  EPR  test  on  steel  rolled  at  -196 “C  (high  martensite-content) 
can  also  be  correlated  to  the  modified  Strauss  test.  In  this 
case,  the  circulated  charge  should  not  be  normalized  with  respect 
to  grain  boundary  area,  since  attack  mostly  occurs  inside  the 
grain  in  correspondence  with  the  martensite  or  deformation  bands, 
in  areas  the  extension  of  which  only  depends  on  the  deformation 
degree.  Microstructural  examinations  and  a  comparison  with  the 
weight  loss  measurements  during  the  modified  Strauss  test  show 
the  threshold  value  of  t^e  circulated  charge  during  the  EPR  tests 
to  be  Q/A  *  12.5  mC/cm  .  This  value  should  indicate  sensitiza¬ 
tion  in  materials  having  undergone  a  thermo-mechanical  treatment 
similar  to  that  of  AISI  304L  rolled  by  10%  at  -196‘C  (martensite 
content  »  26%) . 

5.  The  sensitivity  of  the  weight  loss  measurement  during  the  modi¬ 
fied  Strauss  test  on  materials  rolled  at  -196“C  appears  to  be 
greater  than  that  of  the  same  test  on  non-rolled  material,  be¬ 
cause  of  possible  dropping  of  parts  of  grain  (P.G.D.). 


Fig.  1  -  TTS  curves  for  AISI  304L  stainless  steel  cold  rolled  by  10% 
as  a  function  of  cold  plastic  deformation. 
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6.  The  EPR  test  is  significantly  affected  by  rolling  mainly  in  the 
case  of  specimens  deformed  at  room  temperature  and  in  the  absence 
of  sensitization.  The  circulating  charge  values  obtained  in  these 
conditions  are  unusually  high  and  very  scattered.  Therefore  this 
fact  must  be  carefully  considered  in  view  of  the  applicability  of 
the  EPR  test  to  deformed  steels,  even  starting  from  rolling 
ratios  as  low  as  102. 


Fig.  2  -  EPR  test:  specific  anodic  charge  for  AISI  3041  cold  rolled 
at  room  temperature  as  a  fucntion  of  heat  treatment  condi¬ 
tion.  (L  *  Sensitization  threshold  value  of  specific  anodic 
charge  according  to  Clarke) 


rrg.  3  -  EPR  test:  specific  anodic  charge  for  AISI  3C4L  cold  rolled 
c-  -19fc°C  as  a  function  of  heat  treatment  condition. 

(1  “  Sensitic3t ion  threshold  value  of  specific  anodic  charge 
according  to  Clarke). 
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CORROSION  OF  NUCLEAR  FUEL  (U02 )  UNDER  WASTE  DISPOSAL  VAULT  CONDITIONS 

D.W.  SHOESMITH,  S.  SUNDER,  M.G.  BAILEY,  G.J.  WALLACE  and  L.H.  JOHNSON 
Atomic  Energy  of  Canada  Limited,  Whiteahell  Nuclear  Research  Establishment 
Pinawa,  Manitoba,  Canada  ROE  1LO 


The  rate  of  radionuclide  release  from  irradiated  nuclear  fuel  under 
nuclear  waste  disposal  vault  conditions  will  be  determined,  to  a  large 
extent,  by  the  corrosion  of  the  UO,  matrix,  since  over  903!  of  the  radio¬ 
nuclide  inventory  is  located  within  the  oxide  grains.  A  large  number  of 
factors  will  exert  an  influence  on  the  corrosion  of  U02  including  redox 
conditions,  groundwater  composition,  temperature,  radiation  effects,  fuel/ 
container  interactions  and  physical  effects  such  as  fuel  pellet  erosion  and 
break-up. 

We  have  been  studying  the  corrosion  of  U02  using  a  combination  of 
electrochemical  and  surface  analytical  techniques,  Including  X-ray  photo- 
electron  spectroscopy  (XPS)  and  scanning  electron  microscopy  (SEM).  Our 
experiments  have  been  performed  on  UOj  electrodes  fabricated  from  pieces  of 
unirradiated  fuel  pellets1-*.  Experimental  and  data  analysis  procedures 
have  also  been  described  previously1’*. 

We  have  studied  both  the  anodic  and  cathodic  corrosion  reactions  in 
some  detail.  In  this  communication  we  will  summarize  the  results  of  our 
studies  on  the  anodic  reactions  occurring  on  U02  under  electrochemical 
conditions,  and  in  the  presence  of  oxidants,  such  as  dissolved  0,  and  H202  , 
likely  to  be  encountered  in  a  nuclear  waste  vault.  Some  details  on  the 
cathodic  processes  occurring  will  also  be  given. 

The  following  general  scheme  for  the  anodic  process  has  been  estab¬ 
lished* 


UO- 


UO 


2+x 


U02 . 33  *  U02.5  *  U02 .67 
U02+  -  U03.zH20 


(1) 


For  neutral  and  alkaline  solutions,  the  film  growth  process  can  be  divided 
into  two  stages,  the  first  (up  to  a  composition  of  U02.,,)  occurring  prior 
to  the  onset  of  uranyl-ion  dissolution,  and  the  6econd  accompanying  the 
dissolution  process.  The  dissolution  process  can  be  represented  by  the 
reaction 

U°2  33  +  0 . 33H+  -  U02+  +  0.330H"  +  1.33e  (2) 

A  different  mechanism  is  observed  In  acid  solutions  (pH  <  5.0),  dissolution 
occurring  via  a  uranyl-containing  surface  layer  of  undetermined 
composition. 

In  the  presence  of  complexing  anions  such  as  carbonate  and  phosphate, 
which  are  likely  to  be  encountered  in  groundwater,  dissolution  is  accele¬ 
rated  and  the  phases  U02 , , /U02 . , , /UO,  are  not  observed*.  A  precipitate  of 
UO, .zH20  is  obtained  at  high  anodic  potentials  (>  +300  mV.  vs.  SCE))  under 
stagnant  conditions.  The  insulating  UO,  layer  is  only  obtained  in  alkaline 
solutions  (pH  >  12). 


-.Wv******.  »V  Vw 
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Under  natural  corrosion  conditions  In  air-  or  oxygen-saturated 
solutions,  surface  oxidation  proceeds  only  to  the  UOj.u  stage.  The  trans¬ 
formation,  UOi  ♦  UOi+x  ♦  UO i.ii,  occurs  slowly  at  neutral  pH  values  (4  <  pH 
<  10),  a  film  of  approximately  6  ±  1  nm  thickness  being  formed  in  8 
hours.  After  *  24  h  a  steady-state  corrosion  potential  is  achieved.  Under 
these  conditions  steady-state  dissolution  of  UOj  is  occurring  via  reaction 
(2).  The  dependence  of  the  corrosion  potential  on  pH  suggests  that  the 
corrosion  process  is  controlled  by  the  kinetics  of  the  anodic  reaction  in 
solutions  with  pH  10,  but  by  the  kinetics  of  the  cathodic  reduction  of  0, 
in  the  neutral  pH  range  (4  <  pH  <  10). 

The  rate  of  the  anodic  film-formation  process,  U0,  *  U0,+x*  U0,.,,, 
in  solutions  containing  H,0,  is  s  200  times  faster  than  in  the  presence  of 
comparable  concentrations  of  oxygen.  This  difference  appears  to  be  due  to 
the  involvement  of  hydroxide  radicals  in  the  case  of  H,0,  solutions.  Under 
steady-state  corrosion  conditions  the  similarity  between  the  corrosion 
potential  of  U0,  and  the  potential  of  a  Pt  electrode  in  the  same  solution 
suggests  a  similar  potential-determining  reaction  at  both  electrodes.  This 
supports  the  claim  that  OH  radicals  are  involved  in  the  oxidation  of  U0,. 

Under  steady-state  conditions,  at  pH  ■  9.5,  H,0,  decomposition  appears 
to  predominate  over  the  dissolution  of  UO,  for  [H,0,]  ^  5  x  10-1  mol.dm'1. 
At  higher  H,0,  concentrations,  UO,  oxidation  (to  U0,.,  and  UO,.,,)  and 
dissolution  becomes  more  important  and  the  hydrogen  peroxide  decomposition 
process  less  important.  At  more  acidic  pH  values  the  corrosion  potential 
becomes  very  positive  and  U0,  attack  more  extensive.  The  corrosion  process 
appears  to  be  controlled  by  the  kinetics  of  the  anodic  reaction  over  the 
whole  pH  range,  4  <  pH  ,.<  12,  in  contrast  to  the  behaviour  observed  in 
dissolved  oxygen. 
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"THE  CORROSION  OF  MILD  STEEL  EVALUATED  FROM 
DATA  IN  THE  PRE-TAFEL  AND  TAFEL  REGIONS” 

C.M.  Rangel,  I.T.  Fonseca,  M.F.  Reis 
Laboratorio  Nacional  de  Engenharia  e  Tecno- 
logia  Industrial-LNETI-  Pago  do  Lumiar,22 
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Centro  de  Electroquimica  e  Cinetica  das  Uni 
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The  corrosion  of  mild  steel  in  de-aerated  acid  sulphate 
solutions  in  the  pH  range  from  0.3  to  4  was  studied  using 
potentiodynamic  polarisation  in  the  overpotential  range  that 
covers  the  pre-Tafel  and  Tafel  regions. 

Measurements  were  carried  out  at  a  scanning  rate  of  1 
mV/sec.  Agitation  was  introduced  at  two  qualitative  levels  : 
Slow(S)  and  Rapid(R). 

Fig  1  shows  the  polarisation  resistance, R  ,  of  the  sys¬ 
tem  mild  steel/1.0  N  H-SO.  as  a  function  of  pH?  R  is  obser¬ 
ved  to  increase  with  agitation  for  values  of  pH  liss  than  1 
with  a  rapid  fall  after  the  maximum.  Thereafter  R  appears 
to  be  independent  of  agitation.  P 

Two  well  defined  linear  regions  were  found  in  the  Tafel 
domain  irrespective  of  pH  and  agitation,  values  of  the  order 
of  0.080  V  were  associated  to  lower  overpotentials  whilst  at 
higher  overpotentials  ba  values  of  0.030-0.040  V  were  obser¬ 
ved.  a 


Fitting  of  the  polarisation  curves  in  the  pre-Tafel  re¬ 
gion  using  Mansfeld's  method (1)  generated  theoretical  curves 
that  compared  well  with  those  obtained  experimentally.  The 
ba  Values  used  to  Produce  such  result  correspond  to  those 
found  in  the  lower  overpotential  region (n  =6C-100mV) .  Values 
of  ba  of  the  same  order  of  magnitude ( 0 . 080-0 . 100  mV)  has 
been  associated2to  higher  overpotential  regions  in  the  case 
of  C104  and  S04  in  the  presence  of  Cl”or  Br”(2) 

At  adequately  positive  potentials ( n > 100  mV)  the  anodic 
Tafel  slope  presents  values  of  0.030-0.040  V  according  to  pH, 
that  can  be  associated  to  a  Bockris  or  Heusler  type  of  mecha 
nism ( 3) .  - 

A  good  correlation  between  R  and  i  is  shown  in  Fig 
2 •  The  corrosion  current,  density  values  werS  obtained  using 
experimental  values  of  b  (those  in  the  "lower  Tafel  region) 
and  b  . 

c 
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Figure  1  -  I  he  effect  of  pH  on  iht  polarisation  resistance,  Kp,  for  mile  steel 
in  1.0  N  H2SO4.  D.ita  correspond  to  Slow  (S)  and  Rapid  (R)  agitation 
and  3  hours  exposure  time 
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0.01  0.1  1  icon  (m A /cm2 ) 


FI  gun  Z  -  The  polarisetlon  resistance,  Rp,  and  the  corrosion  current  density, 
icorr,  found  using  ba  values  from  the  "lower  Tafel  region" 

The  work  presented  here  shows  that  the  anodic  dissolution 
of  mild  steel  in  acid  sulphate  solutions  takes  place  via 
two  separate  reactions  that  are  gradually  displaced  as  the 
potential  is  increased  giving  place  to  a  change  in  mechanism. 

It  is  thought  that  at  lower  overpotentials  the  reduction 
products  of  sulphate  containing  ions  (4)  participate  in 
the  acceleration  of  the  corrosion  process  and  that  for  pHi-1 
an  increase  in  agitation  is  associated  with  a  decrease  of 
such  effect. 

Acknowledgement 

This  work  is  partially  financed  by  JNICT  under  Research 
Contract  no.  510.83.87. 

References 

(1)  F.  Mansfeld,  "The  polarisation  resistance  technique 
for  measuring  corrosion  currents",  Advances  in 
Corrosion  Science  and  Technology,  Ed  by  Fontana 
and  Staehle,  vol  6,  (1976) 

(2)  G.  Bech-Nielsen ,  Electrochim.  Acta,  2_3^,  425,  (  1978) 

(3)  W.  Lorenz,  F.  Hilbert,  Y.Mizoshi  and  C.  Eichkorn, 
J.Electrochem.  Soc.,  U8,  1928,  (1971) 

(4)  H.  Bala,  Electrochim.  Acta,  29,  119,  (1984) 


06260 


GALVANIC  CORROSION  OF  AL  ALLOYS 
COUPLED  TO  ADVANCED  COMPOSITE  MATERIALS 
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There  is  an  increasing  use  in  the  trnsportation  industries  of  advanced 
composite  materials  due  to  the  high  strenght  ^o^weight  ratio  exibited  by  these 
materials  compared  to  those  of  metallic  one's  .A  composite  material  which  is 
actually  used  in  aerospace  industries  is  composed  of  high  strenght  high  modulus 
graphite  fibers  combined  with  an  amine  cured  polymer  epoxy  resin (GECM) . In  such 
applications  the  composite  come  in  electrical  contact  with  a  metallic  material. 
Owing  to  the  good  electrochemical  cathodic  behaviour  of  GECM'*, when  such  a  ma=* 
terial  is  coupled  to  a  metallic  one  there  follows  on  the  latter  an  accelerated 
dissolution  process  if  the  couple  is  immersed  in  a  corrosive  environment. 

The  increase  in  dissolution  rate  of  metals  when  electrically  coupled  to  a 
more  noble  one  is  one  of  the  most  common  and  most  severe  forms  of  corrosion. 
Thus  a  careful  attention  must  be  paid  in  the  choice  of  metals  to  couple  to 
GECM  in  a  component  design  of  aircraft. 

In  order  to  evaluate  the  extent  of  galvanic  corrosion  the  A1  alloys  gene= 
rally  used  in  aerospace  components  i.e.  2024-T3,7075-T6,7075-T73  and  5052, where 
galvanically  coupled  to  GECM  and  exposed  to  an  aqueous  neutral  aerated  3.5 7. 

SaCl  solution. The  galvanic  current .which  can  be  easly  converted  in  dissolution 
race, has  been  continuosly  measured  in  a  24  hr  test  using  a  potentistat  modified 
to  operate  as  a  zero-resistence  ammeter. 

RESULTS  AND  DISCUSSION. 

Typical  galvanic  current  data  obtained  in  a  24  hr  test  are  shown  in  fig.l 
as  a  function  of  time  t  for  the  A1  alloy/GECM  couples  inves t igated . Fig . 1  shows 
a  decrease  of  the  galvanic  current  Ig  in  the  order  5052 >  7075-T6 >  7075-T73 ^ 
2024-T3  and  thac  after  an  initial  period  of  6  hours  the  galvanic  current  remai= 
ned  more  or  less  constant .Moreover  it  can  be  observedthat  the  galvanic  current 
extrapolated  at  time  t=0  differ  s ignif icat ivly  from  those  measured  at  steady- 
state  for  all  the  A1  alloys  inves t igated . The  obeserved  difference  might  be  at= 
tributed  to  an  anodic  polarization  phenomena  due  to  the  extent  of  galvanic  cor= 
rosion  which  is  quite  high  as  can  be  calculated  from  the  average  galvanic  cur» 
rent  density. The  study  described  so  far  was  carried  out  at  an  area  ratio  of 
A  /A  nearly  equal  to  one. From  a  practical  point  of  view  the  cathodic  to  the 
anodic  area  ratio  is  usually  different  from  one, a  large  area  ratio  being  espe» 
dally  damaging  to  the  anode. This  is  the  most  propably  case  in  the  aerospace 
indus t r^ . Figs .  2  and  3  show  typical  galvanic  currents  plot  for  different  values 
of  A  /A  for  the  2024-T3  and  5052  type  alloys. As  can  be  seen  from  these  figures 
the  galvanic  current  Ig  does  not  depend  on  the  anodic  area  AA(s ee  curves  for 
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A^*l  ana  nearly  equal  to  26). On  the  other  hand  Ig  is  linearly  dependent  of 
the  cathodic  area  A^.In  fact  a  decrease  of  Ig  by  about  a  factor  of  25  is  measu= 
red  when  the  cathodic  area  is  reduced  by  the  same  amount. 

Based  on  the  galvanic  current  Ig  versus  time  traces  the  galvanic  current 
density  ig  with  respect  to  the  aluminium  alloy  in  a  galvanic  couple  has  been 
calculated  for  the  values  of  the  cathodic  to  anodic  area  ratio  investigated 
together  with  the  potentials  of  the  galvanic  couples  measured(v.s.  SCE)  at  the 
start  and  at  the  end  of  the  test. By  comparing  the  potentials  of  the  galvanic 
couples  with  those  of  the  uncoupled  alloys  in  the  same  environment , it  is  shown 
that  the  cathodic  process  is  under  diffusion  control  whilst  the  anodic  one  is 
activation  controlled. 

!)R.J. Morgan  and  J. O'Neal .J. Mat .Sci . Chem.  A3, 275(1969) 

2)  J . C . Seferis  and  L. Nicolais ."The  role  of  the  polymeric  Matrix  in  the  Proces= 
sing  and  Structural  Properties  of  Composite  Materials"Plenum  Press. New  York  and 
London  (1983) 

3)  F . Bellucci ,A. Di  Martino  and  C.Liberti"Electrochemical  behaviour  of  Graphite 
Epoxy  Composite  Materials (GECM)  in  aqueous  salt  solutions"J.of  Applied  Electro= 
chemistry, in  press. 
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l .  b 

Fig. 1 :Galvanic  current  Ig  as  a  function  of  the  time  t  for  Al  alloys  coupled 
to  GECM  in  neutral  aerated  3.5%  NaCl  aqueous  solution. 
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INTERGRANULAR  CORROSION  OF  WC/Ni  AND  WC/Co  METAL 
MATRIX  COMPOSITES 

0.  ZUR  MEGEDE  and  E.  HEITZ 
Oechema  Instltut,  0-6000  Frankfurt  (Germany) 


Introduction 

Cemented  carbides  with  a  nickel  or  cobalt  matrix  containing  tungsten  carbide 
particles  are  typical  composites.  Because  of  their  hardness  they  are  in  use  as 
wear  resistant  components  in  mechanical  seals  of  pumps.  However,  they  often 
show  intergranular  corrosion  of  the  metal  matrix  /l , 2/  with  high  corrosion 
rates  into  the  materials.  It  was  the  aim  of  this  Investigation  to  explain  the 
high  corrosion  rates  by  a  suitable  model  and  to  interprete  the  flow  depency  of 
the  corrosion  process.  The  corrosion  systems  tested  have  been  the  composites 
WC/6  l  Co  and  WC/9,5  i  Ni  in  aerated  aqueous  0,02  and  0,5  mol/1  NaCl  solutions. 

Corrosion  model 

Composites  as  di scribed  above  consist  of  surface  regions  with  high  and  low 
metal  content.  In  addition,  the  surface  is  penetrated  by  pores.  In  regions 
with  high  metal  content  or/and  in  pores  bimetallic  corrosion  starts.  A  hole  is 
formed  with  the  wall  of  which  acting  as  cathode  ( WC )  and  the  bottom  as  anode 
(metal).  In  the  hole  a  steady  state  is  established  controlled  by  an  Increasing 
cathode  area  (rising  corrosion  rate)  and  by  oxygen  diffusion  into  the  hole 
(decreasing  corrosion  rate).  Estimates  of  corrosion  rates  by  assumption  of 
cathodic  corrosion  control  and  a  hole  diameter  of  1  pm  result  in  values  from 
2.5  to  25  mm/y.  For  the  time  dependence  of  the  corrosion  rate  a  convective  flow 
influenced  initial  phase  and  a  purely  diffusion  controlled  end  phase  is  postu¬ 
lated. 

Experiments  and  Results 

In  Fig.  1  polarisation  curves  of  the  components  Ni,  Co  and  WC  in  0.02  M  NaCl 
as  well  as  Fe  and  C  of  the  "composite"  grey  cast  iron  are  shown. 

It  can  be  seen  that  for  all  systems  an  "internal"  bimetallic  corrosion  is 
possible  and  that  WC  is  the  more  active  cathode  (lower  overvoltage). 

The  apparatus  for  testing  the  flow  dependency  of  corrosion  is  a  rotating  disk 
in  front  of  a  wall  and  made  of  high  alloyed  steel  DIN  1.4571  resp.  AISI  316. 

It  is  integrated  in  a  loop  of  PVDF  and  high  alloyed  steel.  The  disk  has  a  , 
maximum  rotation  speed  of  10,000  rpm.  The  corrosion  rate  (measured  as  Rp  j 
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is,  as  expected,  time  dependent  with  high  rates  In  the  initial  phase  and  lower 
in  the  steady  state  {Fig.  2).  The  composite  WC/Ni  shows  a  significant  influence 
of  the  rotation  speed  at  80*C. 

Fcr  the  composite  WC/Co  a  decrease  of  the  flow  dependency  within  the  first, 

9  hours  can  be  seen.  The  values  of  the  corrosion  rates  are  2.5  and  5  mm  a_i 
(WC/Ni)  or  2.5  and  25  mm  a"1  (WC/Co).  The  corrosion  attack  is  general  with  the 
formation  of  islands.  Within  the  islands  the  corrosion  rate  is  higher,  but 
from  a  specific  depth  the  corrosion  seems  to  grow  preferently  sideway.  The 
formation  of  islands  can  be  explained  by  assumption  of  surface  regions  with 
high  metal  concentration  leading  to  pores  with  large  diameters  and  few  narrow 
passages. 
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•i£.  Polarisation  curves  of  Hi,  Co,  WC  and  Fe,  C  in  aerated  0,02  M  aqueous 
fiaCl  at  22 , 5°C  (  ■  :  Fe,  x:  Co,  •  :  Hi,  □  :  WC,  o:  C) 


2C00  5G0G  8000  U/rpm  2000  5000  8000  U/rpm 


2  Corrosion  rates  (as  Rp"  )  of  the  composites  WC/Ni  and  WC/Co  in  aerated 
0.5  M( x )  and  0.02  M(o)  aqueous  NaCI  at  80*C.  Left:  Initial  phase;  right 
after  9  hours  corrosion 
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ACTIVE,  PASSIVE  AND  TRANSPASSIVE  CHROMIUM 
M.  Metikos-Hukovic,  M.  Ceraj-Ceric* 

Institute  of  Electrochemistry,  Faculty  of  Technology, 
University  of  Zagreb,  Yugoslavia 
Pliva,  Zagreo,  Yugoslavia* 


Chromium  oxide  exhibits  good  corrosion,  catalytic  and  electro- 
catalytic  properties  * '  making  it  a  competitive  material  for  pre¬ 
cious  transition  metal  oxides.  Doping  TiC^  photoanodes  with  Cr.O-j 
snifts  their  spectral  sensitivity  to  the  visible  part  of  the  spectrum. 

The  corrosion  resistance,  catalytic  and  electrocatalytic  pro¬ 
perties  of  chromium  are  due  to  its  several  oxidation  states.  Investi¬ 
gate  .  of  the  semiconducting  properties  of  chromium  oxides  in  situ  is 
therefore  -~f  great  practical  and  theoretical  importance. 

However,  many  important  aspects  of  the  electroc..w/ni cal  behavior 
of  chromium  have  not  yet  bean  clarified  such  as  the  mechanism  of 
active  anodic  dissolution  in  acidic  solutions,  transition  from  the 
active  state  to  the  passive  state,  the  transpassive  state  and  seconda 
ry  passivity. 

Tnis  study  concerns  the  electrochemical  and  photoelectrochemical 
properties  of  thermal  chromium  and  po ly cry s talline  chromium  oxide 
electrodes  prepared  by  the  direct  oxidation  of  chromium  at  800°C. 

Tnese  are  then  tested  in  ar_m.c.. turn  borate  Duffer  solutions,  pH  6.2 
and  8.2  at  25°C.  The  techniques  of  potential  sweep  voltametry,  impe¬ 
dance,  photocurrent  and  photopotential  measurements  were  employed  to 
Characterize  the  e iectrode/e loetr oiy te  interface.  The  electrode  sur¬ 
face  and  the  distribution  of  chromium  were  investigated  by  means  of 
scanning  electron  microscopy.  The  thermically  formed  Or  oxide  was 
found  to  consist  of  Cr-o^  (SLM)  and  to  have  a  thickness  of  1-2  >am. 

These  polarization  experiments  were  performed  in  the  direction 
of  tne  positive  potential,  from  -2.5  V  vs.  S.C.E.  up  to  the  transpas¬ 
sive  potential  range. 

2-*- 

Chromium  dissolve.-:  as  Cr  i.n  the  active  dissolution  range. 

A  new  mechanism  is  propose!  for  the  active  dissolution  of  chromium 
in  sulphuric  acid  solutions,  similar  no  Bokris'  mechanism  for  iron 
dissolution  0 .  The  transition  to  the  passive  state  occurs  lhdopt-n- 
uentiy  of  active  dissolut  ion  an  1  is  relate  •  to  the  for  u  -.is*,  c  f 
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trivalent  chromium  oxide.  The  present  study  has  shown  that  this 
is  a  p-type  semiconductor  (Figure  1) ,  with  a  forbidden  gap  with 
of  Eg  =  1.6  eV.  During  the  transition  from  the  active  state  to 
tne  passive  state,  no  current  peak  appears  during  the  linear 
sweep.  In  contrast  to  iron,  chromium  demonstrates  secondary  pas¬ 
sivity  after  the  transpassive  region  in  a  narrow  potential  range 
at  pil  6.2. 

The  capacity,  resistance,  photopotential  and  photocurrent 
give  much  information  on  the  properties  of  the  solid  phase  during 
polarization.  Sharp  changes  in  these  structurally  sensitive  values 
indicate  transition  from  lower  to  higher  oxides  during  the  anodic 
sweep,  in  situ  (Figure  1) .  The  transition  photceffects  seen  in 
Figure  1  involve  a  change  in  the  film  structure. 

It  has  been  found  tnat  the  oxidation  state  of  chromium  oxide 
increases  continuously  with  rising  electrode  potential.  The 
transformation  o:  lower  to  higher  oxides  occurs  continuer.:.  ’ _•  via 
a  solid  state  mechanism: 

C r j O j  (p-type)  - -  C^e^/CrO^  (transition  photocf feats; - 

CrO^  (n-type) 
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PLATINIZED  TITANIUM  ANODES  IN  CATHODIC  PROTECTION 

A.  Rendid,  M.  Metikos-Hukovid ,  S.  Ferina 
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University  of  Zagreb,  Yugoslavia 
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Advances  in  the  construction  of  bimetal  anode 

p  ,,  : 

ft  ’  ' 

tr 

possible  the  use  of  platinum  and  its  alloys  in  the 
thin  coatings  on  electrodes  constructed  of  inexpen 

Several  techniques  have  been  developed  for  obtaini 

fjV  V 

coating  of  platinum  on  eitner  titanium  or  tantalum 

In  tne  construction  of  Ti/Pt-electrodes  for  use  in 

protection  systems  or  for  electrical  applications 

If !; 

hign  electroactivity,  selectivity  and  corrosion  st 

r 

li¬ 

coatings  of  platinum  obtained  through  electrodepos 
most  satisf actory ^ ^ . 

fe 

ps^' 

The  primary  emphasis  of  this  study  was  to  obt 
(3  to  5  microns) ,  adherent,  nonporcus  coatings  thr 

pi 

e- lectrodeposition  of  platinum  on  a  Ti-substrate  fr 
solutions  of  Pt-salts.  Two  electrolytes  were  used: 

|i|:'£ 

a  ease  of  H^Pt  (N02)  2S04  an<3  the  ot^er  a  base  of  H2 

mpi 

latter  is  very  quickly  exhausted  and  requires  cons 

pV^' 

ring  of  the  bath  and  considerable  practical  expert 
porosity  ur.orin  test)  and  coating  thickness  (beta 

reflection)  were  monitored  before  ar.d  after  the  el 

P 

processes. 

In  tne  galvanizing  of  titanium,  great  difficu 

I 

encountered  due  to  the  exceptionally  high  affinity 

for  oxygen  and  the  rapid  formation  of  oxide  layers 
:,sud  atmosphere  ^  . 

B, 

pi* 

In  order  to  achieve  firm  adherence  of  the  pin 

P*J  1 «  ' 

jaj^t  H 

to  oi. e  titanium,  it  is  necessary  to  remove  the  oxi 

ios  regeneration  until  electrolysis  commences.  Thi 

tne  tecnnoiogical  procedure  of  the  production  of  T 

ana  determines  their  final  level  of  quality. 

b'*'- 

■ 

■ 

■y 

The  electrochemical  and  corrosion  behavior  of  platinized 
titanium  electrodes  has  been  studied  using  cyclical  voltametry 
in  deaerated  solutions  of  1  mol  dm  ^  HCIO^  at  25°C.  For  electrode 
rotation,  Pine  Instrument  Company  equipment  was  used,  on  which 
400-10,000  rpm  can  be  achieved. 

Some  characteristics  of  electroplated  Pt-coatings  on 
Ti-substrates  are  discussed,  including  method  of  preparation, 
overvoltage,  composition  surface  quality,  and  platinum 


tnic/tness 


.  The  results  of  accelerated  iaboratorv  tests  to 


define  conditions  which  limit  application  are  presented,  and 
tne  electrochemical  properties  are  contrasted  with  bulk  platinum 
and  commercial ly  available  platinized  titanium  anodes  for 
cathodic  protection  (Figures  1  and  2). 
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DUAL  EFFECT  OF  ANIONS  IN  PITTING  CORROSION 
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For  the  pitting  corrosion  of  Crl6Ni9-type  stainless 
steels  in  chloride  solutions,  the  inhibiting  effect  of 

anions,  such  as  SOf~,  NOT  and  OH-,  has  been  knov;n  for  a  long 

*  j  12 

tine.  The  stimulating  effect  is  typical  of  some  sulphur  ’ 

compounds,  similarly  as  in  the  process  of  SCC"'. 

In  this  study,  the  effect  *:f  inhibiting  or  stimula¬ 
ting  anions  on  the  breakdown  potential  5L  and  on  the  repas¬ 
sivation  potential  ER  was  investigated,  as  well  as  the  diffe¬ 
rent  mechanisms  of  reactions  controlling  both  potentials. 


EXPERIMENTAL 

The  Crl8Ni9Ti-type  steel  was  investigated  in  solu- 
tions  of  NaCl  0.5  mol. dm  with  other  anions  additions.  The 

Ec  potential  was  measured  ootentiodynamically  with  the  scan 

_? 

rate  +  1  mVs  at  0.1  mAcm  .  The  ootential  was  measured 

-2  n 

intensiostatically  at  +0.1  mAcm  after  40  minutes  polari- 
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according  an  adsorption  mechanism  given  in  ^ ,  inhibiting 

thus  the  reaction  of  the  film  breakdown. 

On  the  contrary,  the  repassivation  potential  ER  is 

controlled  by  the  active  metal  corrosion  mechanism  inside 

the  pit  yet  created.  This  mechanism  is  accelerated  by  Sti¬ 
ck 

mulating  ions  -  especially  strong  by  SH  ions  .  Thus  some 
snions  -  e.g.  CNS  -  can  simmultaneously  act  stimulating 
for  2„  and  inhibiting  for  Sp. 

For  the  real  corrosion  behavior,  the  shift  of  the 
only  stabile  E-  potential  is  decisive,  denoting  thus  the 
real  inhibiting  or  stimulating  effect  of  added  anions. 


Table  1  Values  of  Eg  and  Eg  for  the  Crl8Ni9Ti  steel  in 
the  NaCl  solution  with  accompanying  salts  added. 


1.  l.Herbsiet,  V.erkstoffe  u.Korr.  22’  334  /1982/. 

2.  D.V.Vasgues  Moll,  A.J.Arvia  et  a!.,  Corros . Sci .24 , 751 /1984/ 

3.  G.Cragnolino,  D.D.  MacDonald,  Corrosion  38,  406  /1982/. 

4.  M.  PraSbk  et  al.,  Zaschita  metallov  £,  371  / 1 969/ . 

9.  Z.O.  lofa,  Protection  of  metals  16,  220  980/. 
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ELECTRODISSOLUTION  KINETICS  OF  PALLADIUM 
IN  ACIDIC  CHLORIDE  SOLUTIONS 

g  .  DURAN,  tipto.  Electroquimica.  Sub.  de  Tecnologla  d  e  Explota- 
cion.  DivisiSn  de  Corrosion.  Instituto  Mexicano  del  Petroleo. 

J.  GEMKSC.4.  Cot.o  .  Metaiurgia.  Facultad  2uir:ica-  Universidad  Na- 
cienal  Au  ter. on  a  de  Mexico.  Ciudad  Universitaria.  04510  Mexico. 


Mechanistic  studies  on  metallic  dissolution  in  aqueous  media  ha 
ve  been  mainly  focused  on  the  effect  of  pH  -at  constant  anion  -- 
concentration.  However,  there  have  few  reports  which  consider  - 
the  direct  participation  of  anions  in  metallic  dissolution. 

In  a  previous  work  '  ~  the  anodic  dissolution  of  palladium  in  - 
deoxycenated  perchlorate  chloride  solutions  was  studied.  Elec  - 
trodissolution  behavior  was  examined  at  different  chloride  con¬ 
centrations.  Tafel  slopes  of  85  mV/decade  and  a  reaction  order 
with  respect  to  the  chloride  concentration  of  2.1  have  been  ob¬ 
tained.  The  perchlorate  ion  was  chosen  because  it  is  not  belie¬ 
ved  to  adsorb  strongly  on  palladium  nor  it  has  very  strong  ten¬ 
dencies  to  serve  as  ligand  in  complex  formation. 

In  this  study,  the  effect  of  chloride  ions  at  constant  pH  on  -- 
the  kinetics  of  palladium  dissolution  is  investigated  using  ste 
ady-state  polarization  techniques. 

The  anodic  behavior  of  palladium  in  sulfuric  chloride  solutions 
depends  separately  on  Cl  and  H  ion  activities.  The  results  ob 
tained  with  different  solutions  containing  the  same  Cl  ion  con 
centration  anc.  varying  h.SO.  concentrations,  showed  that  the  ac 

J  ,  — 

rive  dissolution  of  palladium  depends,  as  previously  reported  , 
only  on  Cl  concentration. 

Anodic  polarization  plots  for  palladium  in  deoxygenated  xNoCi- 
v H ^ SO ^ - z Na ,SO  ,  (y-  0.2M,  x  +  y  +  z--  1  A)  solutions  are  shown  in  Figu 

r  '  1  .  Tne  Cla  concentration  was  varied  between  0.01  and  0  .  5M  . 
Increasing  tne  Cl  concentration  shifted  the  polarization  plots 
..  r.  the  more  active  direction.  This  meant  that  the  rate  of  the  - 
anodic  rear  tier,  is  increased  by  the  ''l  .  For  all  tne  Cl  cor.ccn 

trailers  a  Tafel  slope  of  approximately  a 8  <  1 /de cad  a  was  obtai¬ 
ned.  The  reaction  order  with  respect  to  the  onloride  lor,  con  tea 
tiation  for  palladium  dissolution  ip  be  dot  e minor!  from  the  ro 
imitation  curves.  Log  current  density  vs  log  chloride  ion  con¬ 
centration  in  the  Tafel  region  is  plotted  in  Figure  2  and  shows 
t  n  a  t 

Olog  ia/?log  iCl"})  E  = 

The  foil',  wing  mechanism  is  proposed  for  palladium  dissolution  - 
i  r.  dcuXj  nenated  chloride  media 

Pd  ♦  Cl"  SEE  S  Pd  Cl  .  +  e  (1) 

!  aG 

F  ti  C  l  +  Cl"  —  S»»  PdCl2  +  e  (2) 

wnere  reaction  (1}  represents  Cl  ion  discharge  with  the  simul¬ 
taneous  formation  of  (Fa... Cl)  groups  of  cnemisorbed  chloride  - 
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on  the  surface,  leading  to  the  weakening  of  the  bond  linking  -- 
the  Pd  atom  to  the  metallic  lattice.  Subsequent  reaction  (2)  is 
assumed  to  be  the  rate  determining  step  of  the  process.  As  a  -- 

consequence,  the  rate  of  dissolution  for  a  given  potential  - 

should  be  proportional  to  the  surface  concentration  of  Cl  . 

This  reaction  product  (PdCl^)  dissolves  in  excess^of  chloride  - 
ion  giving  rise  to  a  well  defined  complex  { PdC 1  .  }  .  Thi s  ^  com  - 

pound  is  approximately  IQ11  more  stable  than*  {pdlH^O)^} 

"“he  formation  of  {pdCl4}“  has  been  d eraon s t r a t ed 5  by “UV  absorp  - 
t i on  spectroscopy  analysis  of  the  solution.  This  result  is  in  - 
good  agreement  with  the  E  -  pCl  diagram  shown  in  Figure  3. 

The  kinetic  parameters  predicted  by  this  mechanism  are  depen 
dent  on  the  adsorption  behavior  of  the  intermediate,  PdCl  . 

If  the  adsorbed  i nt errr.ec ia te  follows  Temkin  adsorption  behavior 
•  C  .  2  C  i  ^0 . 3 )  ar.d  if  values  of  1/2  for  the  symmetry  factors  are 
considered,  the  rate  expression  for  palladium  dissolution  can  - 
he  obtained  . 


j  =  k 
a  a 


:i  }  '  ’ fexp  (FE/RT) 


Equation  (3)  is  in  reasonable  agreement  with  the  empirical  rate 

exrression  for  palladium  electrodissolution  in  1M  '  h . SO  - Na „ SO  . 

_  .  .  ,  .  .  .  ,  24x4 

NaCl! solutions,  which  is 

3  =  k  . {Cl” } '  . exp (FE/RT)  (4) 

cl  cl 

Thus  the  proposed  mechanism  predicts  values  of  60  mV  and  1  for 
the  anodic  Tafel  slope  and  the  reaction  order,  respectively. 
These  calculated  parameters  are  in  good  agreement  with  the  expo 
r  mental  data. 

Or. e  can  conclude  that  chloride  ions  participate  in  the  dissolu¬ 
tion  of  palladium  independently  of  type  of  anion  (C1C>4  or  3  0^") 
and  in  both  cases,  chloride  have  an  accelerating  effect. 

It  sr.ould  be  mentioned  that  the  reaction  order  of  chlorides  ir. 

C  1  C  ar.d  in  SC>4  “  solutions  are  specific  for  each  system.  This  - 
difference  in  their  respective  reaction  order  seems  to  be  inter 
j,[Cted  in  terms  of  the  competitive  adsorption  of  chloride  and  - 
sulfate  ions  on  the  palladium  surface.  This  effect  is  confirmed 
by  the  different  Tafel  slopes.  A  depolarisation  effect  is  obser 
ved  in  S0|’/C1  system  (58  mV/decade)  vs  CIO. /Cl  system  (85  mV 
/decade)  which  can  be  attributed  to  the  displacement  of  chlori¬ 
de  ions  by  sulfate.  The  competitive  adsorption  of  sulfate  and  - 
chloride  ions  on  iron  was  studied  by  Hackerman  and  Stephens6  -- 
using  radiotracer  techniques.  Their  results  indicated  that  smal 
qua;. titles  of  cnlcride  ions  in  a  sulfate  solution  increased  sul 
f  a '.  o  ion  adsorption.  On  the  other  band,  larger  chloride  ion  con 
.••ir.t ration  decreased  sulfate  ion  adsorpti'n.  As  previously  des- 
■rited,  it  is  evident  that  the  effect  of  chloride  ions  on  the  - 
■dissolution  of  palladium  becomes  a  more  complicu  ed  phenomenon 
by  the  presence  of  sulfate  ior.s  in  the  solution. 

Although  the  sulfate  ion  may  not  participate  directly  * . .  the  d  i 

sc  1  utior.  aechan  i  sn ,  its  effect  on  the  adsorption  if  chloride  - 

i  or.  3  rust  be  considered.  Thus,  it  is  difficult  to  interpret  t  < 

data  jit  lit ed  for  a  SO*~/jl  system  because  of  the  indirect  oar 
.  ,  _  2  -  4  - 

Ua.patior,  of  a 0  ,  ions. 


4  ' 

ions. 


F.  ..  monerh,  J.  Genes  c  a  and  L.  Vic  tori.  Rev.  Metal.  CEMIM 
14  ( 6 )  3  2  1  (19  7  6) 

J.  Ge.nesca  and  L.  Victori,  Corrosion  MACE,  Submitted 
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3  .  -  Th .  Heumann  ana  k.  schurmann,  Z.  Elektrochem.  67,  601 
( 1063) 

4. -  L.  Victori,  J.  Tomas  and  F .  Malgosa,  Afinidad  32,  867 

(1975) 

5. -  L.  Victori,  PhD  Thesis,  University  of  Madrid  (1975) 

6. -  N.  Hackerman  and  S.J.  Stephens,  J.  Phys.  Chem.  58,  904 

(  1  954)  . 
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effect  of  chloride 

concentration  at 

Tafel  regie  - . 

xNaCl-yiiSO.-cNa,SO, 
2  4  2  4 

y  -  0.2  t! . 

( x  +  y  +  z  --  1  M  ) 


f  i  :  '.i  r  «■  -  .  -  Soctior,  order  y  • 

••  it.:,  fotpec.  to  chloride  ions 
f'-r  pail  a  d  turn  d  i  :i  r  o  1  u  1 1  o  n  . 

.  -  54  0  i.V  (see. 


r  g  u  r  0 
f  o  r  f  J 


pCl  Diagram 


06320 


CORROSION  OF  IRON  AND  IRON  OXIDES  IN  MOLTEN  SODIUM 

HYDROXIDE 

TZVETI  TZVETKOV 

Highez  Instiutte  of  Chemical  Technology,  Sofia  (Bulgaria) 


Rather  conflicting  data  exist  about  the  corrosion  resistance  of  iron  and 

1  —6 

its  alloys  m  a  sodium  hydroxide  melt  .  In  the  present  study,  iron  and 
iron  oxide  corrosion  was  investigated  in  a  sodium  hydroxide  melt  at 
I80°O. 


The  corrosion  rate  of  Fe.  FeO,  Fe  O  and  Fe^O  was  found  to  be  strongly 
influenced  bv  the  nitrogen,  oxygen  and  water  vapour  content  of  the 
atmosphere  over  the  melt,  ihus,  the  corrosion  rate  of  iron  in  a  molt 
with  pure  oxygen  atmosphere  proved  to  be  four  times  as  high  as  with  an 
atmosphere  composed  of  c>,)%  nitrogen  and  IN  oxygon  (Fig.  1). 


Fig.  1 

Influence  of  the  at  mosphe- 
re  over  the  melt  of 
NaOH  (480°C  )  on  the  ti¬ 
me  dependence  of  iron 
corrosion : 


T; me  in  hours  - —  3,4  -  N.,  *  I'M)., 

i  .  •(  -  Corrosion  lass,  incl.  oxide  (passive)  film. 

4.1-  Corrosion  lass,  without  oxide  (passive)  film. 
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In  iron  corrosion,  an  adherent  oxide  film  seems  to  be  initially  formed. 
Further  action  of  the  sodium  hydroxide  metl  transformed  the  film  in  water 
soluble  products  and  products  that  partially  dissolved  in  the  melt. 

The  dissolution  of  corrosion  products  was  further  investigated  with  iron 
oxides.  The  corrosion  rate  of  iron  oxides  was  found  slightly  to  decrease 
with  time.  Hie  insoluble  corrosion  products  on  the  specimen  surface 
probably  inhibited  further  chemical  action  of  the  melt. 

Furthermore,  increased  water  vapour  content  of  the  atm  osphere  proved 
to  inhibit  the  corrosion  rate  of  iron  and  iron  oxides  in  the  melt.  The 
water  vapour  content  influenced  especially  the  formation  of  water  soluble 
corrosion  products. 
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CORROSION  OF  GOLD,  SILVER  AND  PLATINUM  IN  A  SODIUM 

HYDROXIDE  MELT 


TZVETI  TZVETKOV 

Higher  Institute  of  Chemical  Technology,  Sofia  (Bulgaria) 


Ihe  corrosion  of  noble  metals  in  a  moltenhydroxide  is  known  to  depend 
on  the  composition  of  the  atmosphere  over  the  melt1  b.  The  corrosion  of 
gold,  silver  and  platinum  with  a  purity  grade  of  99,9%  was  studied,  using 
the  experience  of  previous  worn. 

ihe  experiments  proved  that  the  rate  oi  noble  metal  corrosion  depended 
on  the  oxygen  and  water  vapour  content  of  me  atmosphere  over  the  melt. 

A  decisive  corrosion  factor  seemed  to  be  the  sodium  peroxide  content  of 
ttie  sodium  hydroxide  melt: 

2NaOH  *  l/202  =  Na.,0.,  +  H,,0  (l) 

This  content  depended  on  the  partial  pressure  of  oxygen  and  water  vapour. 
Ihe  rise  in  the  partial  pressure  of  water  vapour  reduced  the  concentration 
of  peroxide  in  the  melt,  and  consequently,  the  corrosion  rate  of  gold  and 


Q~~  *  H,}0  =  20H  +  1/20. 


platinum . 


Art  increased  water  vapour  content  did  not  inhibit  but  accelerated  silver 
corrosion.  Apparently,  the  peroxide  mechanism  of  corrosion  does  not 
hold  for  silver  (Fig.  l). 


" 1  t  f 

corrosion  lass , 
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T,me  in  hours 


Fig.  l 

Influence  of  the  atmosphe¬ 
re  over  the  melt  of 
NaOH  (480°C )  on  the 
time  dependence  of  sil¬ 
ver  corrosion; 

A  O 2  +  6,5%  H20 


O  N2  +  1%°0  +  6,5%H20 


N2  *  i*o2 
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THE  CORROSION  BEHAVIOR 
OF  IRON-  AND  COBALT  -  BASE  METALLIC  GLASSES 

J.PRZYLUSKI,  A.  KROLIKOWSKI  and  J.  FULARA 
Institute  of  Solid  State  Technology 
Warsaw  Technical  University,  Warsaw  /Poland/ 


Recently  much  attention  has  been  focused  on  the  corrosion  properties 
of  glassy  metallic  alloys.  Extensive  investigations  were  carried  out  on 
glasses  containing  Cr  ,  Ti^  or  Zr3,  These  materials  easily  undergo 
passivation  even  in  highly  corrosive  media  and  exhibit  better  corrosion 
resistance  than  traditional  corrosion  resistant  alloys.  The  superior 
corrosion  resistance  of  these  alloys  is  attributed  more  to  the  presence  of 
the  passive  film  forming  elements  than  to  their  amorphous  structure.  Little 
is  known  about  corrosion  properties  of  glassy  alloys  without  typical  film 
formers.  They  do  not  passivate  easily  and  show  very  diverse  corrosion 
behavior  in  comparison  with  their  crystalline  counterparts.  The  aim  of 
our  present  work  is  to  examine  the  corrosion  resistance  of  Fe-13,5B  - 
-  3,3  Si-2C*  and  Co-4,7  Fe  -  15  Si  -  10B+  amorphous  alloys  in  various 
media  and  establish  the  change  of  corrosion  behavior  due  to  crys  - 
tallization. 

Ribbons  of  the  glassy  alloys  mentioned  were  prepared  by  rapid 
quenchmg++.  Some  of  these  alloys  were  thermally  crystallized .  The 
struct  are  of  amorphous  and  recrystallized  samples  was  confirmed  by 
X-ray  diffraction.  The  corrosion  behavior  of  alloys  under  consideration 
was  characterized  using  electrochemical  and  gravimetric  methods.  Pola¬ 
rization  curves  were  measured  potentiodynamically  with  swtep  rate  of 
L'TiV's'h  The  average  corrosion  rate  of  materials  studied  in  test  solu¬ 
tions  was  estimated  from  the  weight  loss.  All  tests  were  carried  out  in 
open  to  air  solutions  at  ambient  temperature. 

The  potentiodynamic  polariation  curves  for  amorphous  and  crystal¬ 
lized  iron-base  alloys  in  0,1  NHCl  arc  shown  in  Fig.  la.  The  curve  for 
Fe-Armco  is  also  depicted  for  comparison.  All  materials  dissolve 
actively  in  this  medium.  Anodic  branches  of  the  polarization  curves  are 
similar.  The  effect  of  crystallization  is  more  pronounced  in  the  cathodic 
region.  The  crystallized  sample  shows  higher  cathodic  current  densities 
than  those  of  the  as  quenched  sample.  The  corrosion  potential  of  the 
annealed  alloys  is  slightly  shifted  to  more  moble  values.  These  findings 

+The  numbers  indicate  contents  of  the  alloying  elements  in  atomic 
percent. 

+  4The  glassy  alloys  were  provided  by  Institute  of  Material  Science, 
Warsaw  Technical  University. 


r.  «\  t.  •. 


m 
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Potent, at  ,  v/SCE  Potential,  v/SCE 

_  Fe- 13,5B  -  3,5  Si  -  2C  amorphous 

- Fe- L3.5B  -  3,5  Si  -  2C  crystallized 

.  Fe-  Armco 

Fig.l.  Polarization  curves  in  /a/  0,1N  HC1  and  / b/  0,5  N  NaCl. 


Table  1,  Results  of  gravimetric 
tests  / 1 lOh/ . 


■V.  ate  rial 

Corrosion  rate 
g  •  m  ’  “  •  h  *  * 

0 , 1  N  HC1 

Fe- 13,53-3,5  Si-2C 

amorphous 

0,54 

Fe - 13,5B-3,5  Si-2C 
crystallized 

20 

Fe- Armco 

0,14 

0.5  N  NaCl 

Fe- 13.5B-3.5  Si- 2C 

amorphous 

0,06l 

Fe-  l3,5B-3,5  Si-2C 
crystallized 

0,035 

Fe  -  Armco 

0,065 

Potential  ,  v/SCE 

Fig. 2.  Polarization  curves  in  1  N 
NaOH  for  Co-4,7  Fe-l5  Si-lOB: 

-  amorphous 

- - crystallized 


06342 


indicate  that  crystallization  leads  to  an  enhancement  of  cathodic  reaction 
and  gives  rise  to  an  increase  in  the  corrosion  rate.  Apparently  the  amor¬ 
phous  alloy  shows  an  inhibition  of  hydrogen  evolution  in  comparison  with 
the  recrystallized  one.  This  conclusion  was  confirmed  by  results  of 
gravimetric  measurements  /Table  l/.  It  is  clear  that  crystallization 
reduces  the  corrosion  resistance  of  glassy  alloy  in  acidic  medium.  The 
corrosion  rate  of  the  Fe-ba^e  glass  was  found  to  be  above  one  order  of 
magnitude  less  than  that  of  the  crystallized  sample.  Similar  behavior 
was  observed  for  Fe-D  glass^*. 

In  Fig.  lb  polarization  curves  for  Fe-base  alloy  in  as  quenched  and 
crystallized  states  and  for  Fe-Armco  in  0,5  N  NaCl  are  demonstrated. 

All  materials  corrode  actively  and  show  quite  similar  polarization 
behavior.  The  effect  of  crystallization  is  slight.  This  suggests  compar¬ 
able  values  of  corrosion  rate  of  all  materials  tested  in  this  medium  that 
was  proved  in  immersion  measurements  /Table  l/. 

The  materials  studied  undergo  spontaneous  passivation  in  1  N  NaOH. 
An  amorphous  Co-base  alloy  exhibits  more  negative  corrosion  potential 
and  passive  current  density  of  about  one  order  of  magnitude  higher  than 
the  recrystallized  one  /Fig. 2/.  Thus,  the  passive  film  formed  on  the 
glass  shows  significantly  poorer  protective  properties  than  that  formed 
on  the  annealed  alloy.  The  existing  literature  data  suggest  quite  opposite 
effect.  Amorphous  alloys  when  passivated  are  thought  to  be  more  corro¬ 
sion  resistant  than  their  crystalline  counterparts.  It  is  related  to  a 
rapid  formation  of  highly  protective  passive  film  on  a  homogeneous  amor¬ 
phous  substrate Such  is  not  the  case  in  this  instance:  the  hetero¬ 
geneous  multiphase  alloy  formed  due  to  crystallization  shows  better 
pa ssivitticn  than  the  glass.  Similar  effect  was  reported  for  Fe-B 
system J.  Further  work  is  necessary  to  clarify  this  point. 

In  conclusion  it  should  be  stressed  that  the  corrosion  behavior  of 
g:.ussy  alloys  is  controlled  by  their  structure  and  composition  as  well 
-is  by  features  of  corrosive  environment.  Crystallization  of  Fe-B-Si-C 
and  Co-Fo-Si-B  glasses  reduces  their  corrosion  resistance  in  acidic 
sedations  Put  improves  it  in  alkaline  media  and  has  noarlv  no  effect  in 
ucutr.-,  l  or vi  ronro.e nt  - . 

This  work  was  done  under  Program  MR- 1-2 1. 
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THE  CORROSION  STUDY 

OF  AMORPHOUS  AND  CRYSTALLINE  Co-F  FILMS 

A.KROLIKOWSKi 
Institute  of  Solid  State  Technology 
Warsaw  Technical  University,  Warsaw  /Poland/ 


Amorphous  alloys  often  exhibit  corrosion  characteristics  quite  different 
from  those  observed  for  crystalline  materials.  Corrosion  behavior  of 
metallic  glasse^  is  influenced  by  their  specific  structure  and  chemical 
composition  ’  .  A  separation  of  these  two  effects  is  difficult  especially 
in  a  case  of  multicomponent  alloys.  Electrodeposited  Co-P  films  show  amor¬ 
phous  or  crystalline  structure  depending  on  their  chemical  composition. 
Thus,  this  binary  alloy  seems  to  be  a  suitable  model  system  to  study  the 
effects  of  composition  and  structure  on  the  corrosion  behavior. 

Co-P  films  were  electrodeposited  on  copper  foil  from  chloride- phos  - 
phite  solution  3,  30-40  pm  thick  layers  with  P  content  ranging  from  3 
to  23  at.  %  were  obtained.  Their  structure  was  examined  by  X-ray  dif¬ 
fraction.  Pure  Co  films  were  also  deposited  and  subsequently  used  as 

comparative  samples  for  corrosion 
tests.  The  corrosion  behavior  of 
i  Co-P  films  was  studied  with 

I  A  poteniicdynamic  polarization  and 

~  i  /  Co-cP  impedance  techniques.  Potentio- 

g  j  /  \  dynamic  runs  were  curried  out 

c  y  using  potential  sweep  of  lmV-s*^. 

1 — - * - - - - - ■»  Lnnedance  measurements  were 

*  performed  at  the  corrosion  poten- 

^  gp  tial  using  a  frequency  response 

JO  |  o  analyzer  Solartron  1172.  All 

Si  !  ./  experiments  were  carried  out  in 

~  1  "  ‘  open  to  air  solutions  at  295  f  1  K. 

I _ _ _ _ _ u  _ , 

‘  *-  In  Fig.l  X-ray  diffraction 

I  patterns  for  Co-P  with  various 

r  j  — y.  Co -16°  phosphorus  contents  arc  shown, 

c  I  S'  >.  Films  containing  less  than  8  at.%P 

c  -  arc  crystalline  while  those  with  P 

_ _ _ _ , _ content  above  11  at. %  are  amor- 

•*0  45  SC  53  60  phous.  Samples  of  intermediate 

2&  deg  composition  / S - 1 1  at .%? /  show 

Fig.  1.  Representative  X-ray  dif-  micrccrystalline  /amorphous 

traction  patterns  cf  Co-P  films.  structure. 
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Polarization  curves  for  pure  Co  and  Co-P  films  v/ith  various  P  con¬ 
tents  in  0,1  N  H2SO4  are  given  in  Fig. 2a.  All  samples  corrode  actively 
and  a  shape  of  these  curves  is  relatively  similar.  However  a  slope  of 
cathodic  and  anodic  branches  decreases  with  increasing  P  content  indi¬ 
cating  an  inhibition  of  hydrogen  evolution  and  oxidation  of  alloy.  Thus, 
an  improvement  of  the  corrosion  resistance  for  P  rich  alloys  can  be 
expected.  A  relationship  between  alloy  composition  and  the  cha rge  tranter 
resistance  of  Co-P  in  0,1  N  H28O4  /estimated  from  impedance  measure¬ 
ment/  is  shown  in  Fig.  3a.  A  trend  of  gradual  rise  of  the  charge  transfer 
resistance  with  P  content  is  generally  observed.  This  finding  supports 
the  conclusion  about  better  corrosion  resistance  of  P  rich  alloys.  Of 
interest  is  that  a  structural  state  of  Co-P  films  do  not  significantly  affect 
their  corrosion  behavior  in  H2SO4  medium.  A  composition  of  the  alloy 
seems  to  be  the  primary  factor  controlling  the  corrosion  properties  of 
Co-P  in  this  environment. 

Polarization  curves  for  materials  studied  in  0,1  N  NaOH  are  shown 
in  Fig.  2b.  The  main  difference  between  thes~  curves  appears  in  their 
anodic  portions.  Pure  Co  and  Co-4P  erhinit  an  active -passive  transi¬ 
tion.  However  the  latter  is  more  corrosion  resistant  considering 
a  lower  current  density  in  active  and  passive  regions.  An  active  loop 
cun  be  hardly  seen  for  >'o-9P  and  Co- 14P  samples  but  they  show  a  higher 
passive  current  density  in  relation  to  C  ;  'p.  An  alloy  containing  23  at. 

4-1  passivates  spontaneously .  A  sharp  drop  of  the  charge  transfer 
resistance  of  Co-P  films  in  0,1  N  NaOH  is  observed  near  the  composition 
range  which  corresponds  to  the  transition  from  the  crystalline  to  micro- 
crystalline  /amorphous  structure  /Fig.  3b/.  This  fact  indicates  a  signi¬ 
ficant  reduction  of  the  corrosion  resistance  of  micrccrystalline  /amor¬ 
phous  films  in  comparison  with  that  cf  crystalline  ones. 

The  main  conclusions  of  the  present  work  are  as  follows.  In  a  case 
of  active  corrosion  in  H2SO4  the  corrosion  behavior  of  Co-P  films  is 
first  of  all  controlled  by  the  alloy  composition  and  the  structure  has 
a  rather  slight  effect.  However  in  NaOH  when  Co-P  films  undergo  passi¬ 
vation  their  corrosion  resistance  is  strongly  influenced  by  the  structural 
transition  from  crystalline  to  microcry -.-talline /amorphous  state. 

The  author  is  greathy  indebted  to  Professor  PrzvLuski  /  Warsaw 
Technical  University/  for  his  encouragement  to  perform  this  work  and  to 
Professor  Boohni  /liTH  Zurich/  for  making  available  impedance  measure¬ 
ments  . 

This  work  was  done  under  Program  05.3. 
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SURFACE  ENHANCED  RAMAN  SCATTERING  (SERS)  INVESTIGATION 
OF  CORROSION  INHIBITION  OF  COPPER 


f'.M.  MUSI  AN  I* ,  G.  MENGOLI* ,  and  M.  FLEISCHMANN** 

Istituto  di  Folarcgrafia  ed  Elettrochimica  Preparativa  del 
CNR,  Padova  (Italy) 

Chemis’ry  Department,  University  of  Southampton,  Southampton 
(Great  Britain) 


In  recent  yearq  both  ex  situ  high  vacuum  spectroscopies  (XPS, 


AUGER,  SJMS,  ISS  )  and  in  situ  techniques  (photo-current  spec¬ 
troscopy  ,  ellipso-  me  try)  have  become  popular  and  powerful  tools 
in  the  investigation  of  solid  phases  on  corroding  metal  surfaces. 
The  spectroscopic  study  of  organic  and  inorganic  adsorbates  is 
currently  much  less  developed,  mainly  because  the  in  situ  identi¬ 
fication  of  mono-  and  submonolayers  requires  great  sensitivity 
and  selectivity  with  respect  to  species  in  solution. 

Surface  enhanced  Raman  scattering  (SERS)  fulfils  these  re¬ 
quirements,  as  the  Raman  signals  of  species  adsorbed  at  roughened 


Ac  . 


10 


Some 


Cu  or  Au  electrodes  are  enhanced  by  a  factor  of 
j:apers  have  been  published  since  1^8).  reporting  SERS  spectra  of 
corrosion  inhibitors  recorded  at  Ag  ’  and  Cu"’’. 

We  studied  the  competitive  adsorption  of  corrosive  anions  and 


organic  corrosion  inhibitors  on  Cu”  by  comparing  SERS  and  eiec- 
- rc Chemical  results,  in  ordez  to  evaluate  potentialities  and  li¬ 
mitations  of  in  situ  Raman  spectroscopy  when  applied  to  corrosion 
inhibition  phenomena.  The  SERS  behaviour  of  all  investigated  sys¬ 


tems  falls  within  one  of  the 


.owing  gen-; 


al  patterns: 

i,  only  the  spectrum  of  the  inhibitor  is  observed; 
ti;  ccth  inhibitor  and  corrosive  anion  are  detected; 
ill)  SERS  signals  are  iost  at  open  circuit. 

i)  Staole  SERS  intensity  of  the  mhioitor  alone  at 
res ion  potential  is  interpreted  as  an  indication 

This  behaviour 


corrosion  inhibition. 
(BTA,  ID  *M)  in  1M  KC1. 


the  cor- 
of  effective 
is  shown  by  |ienzolriazole 
d  at  286  cm  ,  present  in 
the  spectrum  of  KC1  alone,  disappe.i^s  after  addition  of  BTA, 
which  is  so  strongly  adsorbed  that  the  electrode  may  eventually 
be  transferred  to  pure  1M  KC1  and  left  at  open  circuit  potential 

In  agreement  with  SERS  re- 


witnout  significant  intensity  loss, 
suits,  10  M  BTA  was  shown  to  reduce  the  corrosion  rate  of  copper 


in  1M  KC1  by  S3%. 

ii)  Simultaneous  detection  of  spectra  due  to  both  inhibitors 
and  corrosive  anions  points  to  conditions  favourable  to  focalized 
;orrosion.  Coadsorptj.on  was  observed  for  1M  KC1  +  10  M  benzi¬ 
midazole  and  for  10  M  KCN  *■  10  BTA  in  1M  KC1.  For  the  BTA/KCN 
system,  a  continuous  transition  from  BTA  to  cyanide  ion  spectra 
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corrosion.  Coadsorpt^on  was  observed  for  1M  KC1  +  10  M  benzi¬ 
midazole  and  for  10_“M  KCN  +  10~2M  BTA  in  1M  KC1.  For  the  BTA/KCN 
system,  a  continuous  transition  from  BTA  to  cyanide  ion  spectra 
was  ooserved  by  progressively  increasing  the  KCN  concentration  up 
to  ic-"'m. 

lii)  Loss  of  SERS  at  open  circuit,  due  to  removal  of  adatoms, 
may  rave  different  causes.  It  may  be  ascribed  to  corrosion.  How¬ 
ever.  corrosion  promoted  by  cyanide  ions  was  shown  to  occur  with¬ 
out  destruction  (or  with  regeneration)  of  SERS-active  sites.  An 
ai  "crr.ative  explanation  for  SF.RS  signal  loss  is  the  growth  of  a 
thick  surface  film.  SERS  spectra  coula,  however,  be  detected  at 
a  Cu  electrode  on  which  a  thick  Cu-ETA  film  had  grown. 

Other  useful  experiments  may  be  carried  out.  For  instance,  mix¬ 
tures  of  inhibitors  may  be  investigated,  for  further  information 
on  relative  strength  of  adsorption,  kinetics  of  displacement  and 
possible  synergetic  effects. 

In  conclusion,  despite  the  restricted  number  of  SERS  active 
metals,  surface  enhanced  Raman  spectroscopy  provides  structural 
information  on  adsorbed  species  as  a  function  of  potential,  con¬ 
centrations  and  time,  and  may  contribute  to  the  elucidation  of 
corrosion  inhibition  mechanisms. 


1)  H.  Leidheiser  Jr.  in  "Passivity  of  metals",  R.P.  Frankenthal, 
J.  Kruger  (Eds),  The  Electrochemical  Society,  Princeton 
(1973)  p.  223. 


2)  F.  D1  Quarto,  S.  Piazza,  C.  Sunseri;  Electrochim.  Acta  30, 
315  (1985)  ana  references  therein. 

2)  R.K.  Chang,  T.E.  Furtak  (Eds)  "Surface  Enhanced  Raman  Scat¬ 
tering",  Plenum  Press,  New  York  (1982). 
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LASER  RAMAN  SPECTRO-ELECTROCHEMICAL  STUDIES 
ON  THE  CORROSION  AND  PASSIVATION  BEHAVIOR 
OF  NICKEL  IN  AQUEOUS  SOLUTIONS 

K.  CAR R,  S.  XU,  and  C.  A.  MELENDRES 

Materials  Science  and  Technology  Division/ Chemical  Technology  Division 
Argonne  National  Laboratory 
Argonne,  Illinois  60439,  U.S.A. 


Laser  Raman  Spectroscopy  (LRS)  continues  to  provide  useful  information 
on  the  composition  of  corrosion  films  on  metals.^  The  ability  to  examine 
surface  layers  "ln-situ,"  under  actual  environmental  conditions,  is  particu¬ 
larly  valuable  and  of  great  advantage  over  other  more  conventional  surface 
analytical  methods  which  study  materials  under  high  vacuum  conditions.  We 
have  used  the  technique,  in  conjunction  with  cyclic  voltammetry,  to  determine 
the  structure  and  composition  of  anodic  corrosion  films  on  N1  in  acid,  base 
and  near-neutral  solutions.  Results  are  herein  presented. 

EXPERIMENTAL 


Nickel  electrodes  were  prepared  from  0.010-in.  thick  foils  of  Marz  grade 
material  (99.999Z  purity)  purchased  from  Materials  Research  Corporation, 
Orangeburg,  New  York.  The  solutions  used  were:  0.05  N  NaOH  (pH  »  11.8), 

0.15  N  sodium  borate  buffer  (pH  «  8.4),  0.15  N  Na2S04  (pH  adjusted  to  8.4  by 
addition  of  NaOH),  and  0.5  M  K2SO4  +  0.005  M  H2SO4  (pH  -  3.1).  Reference 
electrodes  consisting  of  Hg/HgO,  saturated  calomel  (SCE)  and  Hg/Hg2S04  were 
used  in  basic,  borate,  and  sulfate  solutions,  respectively.  The  corrosion 
specimens  were  anodized  at  constant  potential  in  ambient-air  using  a 
3-compartaent  spect ro-electrochemical  cell  described  previously. ^  Measure¬ 
ments  at  temperatures  above  ambient  were  carried  out  in  a  single-compartment 
cell  which  was  heated  electrically  by  wrapping  3  'Briskest'  flexible  heating 
tape  (Eriscoe  Manufacturing  Co.,  Columbus,  Ohio)  around  the  cell  body.  The 
electrochemical  and  LRS  equipment  used  were  the  same  as  before. 2 

RESULTS  AND  DISCUSSION 

Cyclic  voltammograns  of  Ni  in  0.15  N  sodium  borjte  buffer  solution  of 
pH  8.4  are  shown  in  Fig.  1.  Consider  for  the  moment  the  behavior  at  25°C. 

The  redox  wave  at  about  0.75  V,  represents  tiie  formation  and  reduction  of  a 
surface  film.  Raman  spectroscopic  identification  of  the  film  wac  carried  out 
"in-situ”  while  potentlostating  the  electrode  at  0.85  V.  A  typical  result  is 
shown  in  Fig.  2a;  two  vibrational  bands  are  observed  at  479  and  552  cm-l.  In 
order  to  establish  the  composition  of  the  film,  standard  samples  were  pre¬ 
pared  and  their  spectra  taken.  Some  of  these  are  3hown  in  Fig.  3.  It  is 
evident  that  the  reference  spectrum  which  corresponds  most  closely  to  that 
observed  for  the  electrode  Is  that  of  NioC^-Z^O.  Thus,  the  anodic  corrosion 
film  is  composed  of  a  higher  valency  form  of  Ni  oxide.  No  Kaman  bands  were 
observed  at  less  positive  potentials  where  Ni(0H)2  or  NiO  have  been  proposed 
to  be  present.  Presumably,  the  film  thickness  corresponding  to  the  amount  of 
these  materials  present  is  so  thin  and  thus  beyond  our  detection  sensitivity. 
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The  temperature  dependence  of  the  rates  of  film  formation  processes 
corresponding  to  the  anodic  wave  at  about  0.75  V  (Fig.  1)  is  also  shown. 

From  the  observed  current  mar.lma,  it  is  evident  that  the  rate  increases  about 
4-tlmes  as  the  temperature  is  raised  from  25  to  100°C.  The  Raman  spectra 
shows  an  increase  in  the  intensity  of  the  band  at  478  relative  to  that  at 
552  cm-^-  with  temperature.  In  the  absence  of  a  definite  vibrational  band 
assignment,  it  is  difficult  to  explain  the.  significance  of  this  result.  It 
presi'mabiy  reflects  a  change  in  the  structure  of  the  anodic  film. 

The  electrochemical  behavior  of  Ni  in  0.15  N  NanSOj,  of  pH  8.4  is  shown 
in  Fig.  4.  We  were  unable  to  observe  any  vibrational  bands  at  potentials 
cathodic  of  the  wave  at  about  0.3  V.  Raman  scans  following  anodization  at 
0.35  V,  however,  yielded  spectra  similar  to  that  in  Fig.  2a.  This  suggests 
that  the  composition  of  the  anodic  film  Is  the  same  as  that  found  in  borate 
solution  of  the  same  pH. 

Essentially  the  same  electrochemical  and  spectroscopic  results  are 
obtained  in  0.05  M  NaOH  (pH  ^  12).  In  this  solution  the  redox  wave  occurs  at 
about  0.5  V  vs.  Hg/HgO  and  the  spectrum  obtained  following  anodization  at 
0.6  V  shows  the  same  bands  at  478  and  552  cm-^  .  In  contrast,  we  were  unable 
to  observe  any  vibrational  bands  when  Ni  was  anodically  corroded  in  acidified 
sulfate  solution  (0.5  M  K2SO4  +  0.005  M  H2SQ4,  pH  'v  3).  We  find  an  Irrevers¬ 
ible  anodic  wave  at  about  -0.3  V  vs.  Hg/Hg2S04  in  the  cyclic  voltammogram  of 
h'i  in  this  solution,  as  Bockris,  et  al.  have  observed. ^  However,  no  Raman 
spectrum  was  obtained  despite  the  fact  that  the  charge  corresponding  to  the 
anodic  wave  would  suggest  about  the  same  film  thickness  as  were  formed  in  the 
near-neutral  solutions.  It  is  probable  that  the  structure  and  composition  of 
the  anodic  corrosion  film  formed  in  acid  solution  may  be  different  from  that 
formed  at  pH  8.4. 

In  conclusion,  the  present  studies  have  shown  the  existence  of  a  higher 
valency  oxide  of  Ni  at  potentials  close  to  the  transpassive  region  just  prior 
to  oxygen  evolution.  The  composition  is  found  to  correspond  to  NiiOj^HgO. 
This  appears  to  be  the  first  time  this  compound  nas  been  shown  ro  exist  as  a 
surface  film  on  Ni.  Previous  studies  have  dealt  mostly  with  the  lower  valent 
oxide  h'10.^  The  present  findings  appear  to  be  consistent  wltii  that  pre¬ 
dicted  by  the  Pourbaix  diagram. 5 
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EFFECT  OF  ADDITION  OF  HALIDE  IONS  ON  THE  ANODIC 
BEHAVIOUR  OF  TIN  IN  ST ANN ATE  PLATING  SOLUTIONS 


S.S.  ABD  EL  REHIM  and  A.  EL  SATED 
Faculty  of  Science,  Ain  Stearns  University,  Cairo  /Egypt/ 


Tne  effect  of  adding  various  concentrations  ranging  from 
G.05  upto  1  U  of  NaCl,  NaBr  and  Nal  on  tne  behaviour  of  specie 
pure  cin  anode  of, 0.5  cb*  area  In  an  allcsline-stannate  bath 
containing  50  gl~  Na-Sn/OHA  +10  gl-t  NsOH  was  studied  gal- 
vanostat ically  and  potent iosnatically  using  SCE  as  a  reference 
electrode  and  Pt  wire  as  a  counterelectrode  at  50°  -1°C. 

A  typical  galvanostatic  potent is 1-t ime  curve  for  tne 
anodic  oxidation  of  Sn  in  tne  allcaline-3t8nnate  batb  at  anodic 
current  density  of  60  mAcm”  is  given  in  Fig.l.  Tbe  anodic 
potential  increases  very  slowly  giving  rise  to  two  poorly  de¬ 
fined  arrests  and  then  jumps  suddenly  to  a  steady  state  poten¬ 
tial  at  tbe  inflexion  point  G.  Tbe  first  arrest  is  very  abort 
/few  seconds/  as  compared  with  tbe  second  one.  Along  tbe 
first  arrest  tbe  potential  compares  satisfactorly  with  t Ho 
equilibrium  system  Sn/Sn/OHA,  while  that  of  tbe  second  arreart 
compares  to  tbe  system  Sn/Sn70H A  8t  tbe  corresponding  pH 
value,  When  tbe  anode  surface  is  covered  with  tbe  passive  film, 
wbicb  would  be  some  sort  of  tbe  reaction  product  out  of  Sn/OHA 
and  or  SnO,  and  Sn/OHA  and  or  SnOp,  tne  potential  jumps 
suddenly  to  tbe  inflexion  potential  C.  Tbe  time  elapsed  from 
tbe  starting  until  tbe  potential  jump  i3  tbe  passivation  time 

T  • 

Progressive  addition  of  Cl  Ion  into  tbe  batb  up  to  a 
certain  critical  concentration  causes  a  gradual  increase  in 
tbe  passivation  time  and  a  shift  in  tbe  inflexion  potential 
into  tbe  more  positive  directin,  indicating  aggressive  action. 
Beyond  this  critical  concentration,  tbe  passivation  time 
starts  to  decrease  and  tbe  inflexion  potential  increases,  in¬ 
dicating  inhibit ive  action.  Tbe  relation  between  tbe  passiva¬ 
tion  time  and  tbe  molar  concentration  of  Cl”  ion  is  shown  in 
Fig.  2.  Tbe  brolcen  line  AB  represents  tbe  passivation  time  in 
tbe  absence  of  nalide  ion.  Tbe  results  denote  that  Cl”  ion 
behaves  bifunctionally ,  causing  a  breakdown  of  tbe  passive 
film  at  lower  concentrations  and  reestablishing  it  at  bigber 
concentrations.  Tbe  extent  of  these  two  opposing  mode  of 
action  increases  with  increasing  tbe  Cl”  ion  concentration. 
Apparently  tbe  two  action  must  be  based  on  different 
mechanisms . 

Similar  results  were  obtained  by  using  an  anodic  current 
density  of  120  mA  cm”  .  The  transition  in  the  function  of  Cl” 
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ion  occurs  at  a  Lower  passivation  tine,  the  higher  is  the 
current  density  used. 

A  series  of  the  potent  is L-time  curves  were  conducted  at 
various  current  densities  ranging  between  20  to  L20  mA  cm-2 
using  the  stannste  solution  devoid  of  or  containing  either 
20  gl“L  /aggressive  concentration/  or  50  gL”1-  /inhibitive 
concentration/  of  CL“  ion.  The  results  show  that  the  passiva¬ 
tion  time  is  inversiy  porportional  to  the  current  density. 

The  Log  j-Log  T  curves  are  Linear  as  shown  in  Pig.  5.  These 
resuLts  confirm  the  aggressive  and  inhibitive  actions  of  CL“ 
ion,  since  the  broken  Line  Lies  between  the  two  curves  for 
the  solutions  containing  CL“  ion. 

The  aggressivity  of  CL“  ions  is  based  on  their  specific 
adsorption  on  the  surface  of  the  passive  fiLm,  where  under 
the  effect  of  electrostatic  field  they  penetrate  end  rugture 
the  passive  film.  Primary  the  inhibitive  funciton  of  CL  ion 
may  be  due  to  the  precipitation  of  a  basic  sparingly  soluble 
tin  oxychloride  which  tends  to  block  the  pits  and  seel  the 
pores  in  the  passive  film.  Thus  the  inhibitive  action-is  due 
to  a  successive  formation  of  a  new  fiLm  forming  phase  . 

In  contrast,  addition  of  Br”  or  I”,  the  Less  aggressive 
ion3  /within  the  concentration  range  studied/  promots  the 
achievement  of  passivation  as  manifested  by  enobLemeut  of 
tne  inflexion  potential  at  C  and  by  a  gradual  decrease  in 
the  passivation  time  as  shown  in  Fig.  2  where  their  curves 
Lie  below  the  broken  Line  AS.  The  inhibitive  action  of  these 
ions  is  tentatively  understood  on  the  basis  of  the  deposition 
of  basic  tin  oxyhaLides.  The  inhibitive  action  of  I"  i on  is 
greater  than  that  of  Br~  ion. 

Fig.  A  shows  a  typlcaL  potentiostatic  curve  of  tin  anode 
in  the  alkaiine-stannate  bath.  Sweeping  started  from  tne.rest 
potential  up  to  +  2000  mV  with  a  scan  rate  of  20  mV  min”  . 

The  poLarization  curve  consists  of  two  dissolution  current 
peaks  I  and  II  in  active  region  8nd  a  permanent  passivation 
region  III  followed  by  a  trenspassive  region  IV  prior  to 
oxygen  evolution.  The  current  peak3  I  and  II  could  be  attribu¬ 
ted  to  the  formation  of  Sn/0H/?  /and  or  SnO/  and  Sn/0H/u  /and 
or  SnCL/  respectively.  The  permanent  passivation  region^III 
extendB  about  L  V  and  the  very  small  current  density  flowing 
along  it  is  independent  on  the  potent iaL  and  used  to  repLace 
tne  passive  film. 

Addition  of  tne  halide  ion3  causes  a  graduai  decrease  in 
the  ncight  of  both  the  current  peaks  I  end  II.  The  behaviour 
is  due  to  the  tendency  of  tne  halide  ions  to  adsorb  on  the 
metal  surface  at  more  negative  potentials  than  those  corres¬ 
ponding  to  the  permanent  passivation  and  retards  the  entry  of 
tin  ions  into  the  solution  at  the  snodcr  .  Moreover,  addition 
of  Low  concentrations  of  G 1”  ion  enhances  sligntly  the  current 


density  flowing  8 long  tde  permanent  passivation  region  III. 
Addition  of  Higder  concentrations  of  Cl“  ion  das  no  appreciable 
cdsnges  on  tde_permanent  passivation  region.  Similarly  tde 
addition  of  Br”  or  1“  ion  das  no  significant  effect  on  tdis 
region. 
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SOME  RESULTS  OF  A.C.  AND  D.C.  TECHNIQUES  USED  TO  MEASURE  THE  CORROSION 
RATE  OF  STEEL  AND  ZN  EMBEDDED  IN  MORTAR 

C.  Alonso,  A.  Macias,  P.  Santos,  C.  Andrade 
Instituto  Eduardo  Torroja,  Madrid,  Spain. 


INTRODUCTION 


The  difficulty  of  the  use  of  electrochemical  techniques  in  steel 
embedded  in  concrete  is  accounted  for  the  special  characteristics 
of  the  concrete  as  electrolyte,  for  example  its  high  electrical  resisti¬ 
vity  and  its  physical  heterogeneity. 

At  the  present  time,  the  most  studied  techniques  are  the  Polarization 
Resistance  (D.C.)  (1)  and  the  A.C.  Impedance  measurements  (2).  In 
this  work,  some  results  obtained  by  the  use  of  these  two  techniques, 
are  presented. 

The  systems  studied  have  been:  bare  steel  and  pure  zin*'  embedded 
ir.  mortar.  Finally,  an  attempt  to  compare  the  results  obtained  through 
the  two  techniques,  is  explained. 

MATERIALS  AND  EXPERIMENTAL  PROCEDURE 


Small  prismatic  mortar  specimens  (2  x  5,5  x  8  cm  in  size)  were  employed. 
Trey  were  fabricated  with  common  Portland  cement  of  fast  hardening 
!P  -  *',50  -  ARI ) .  The  specimens  contained  two  identical  working  electro¬ 
des  (duplicated  experiment)  of  bare  steel  or  Zn.  In  the  mortar  specimens 
containing  bare  steel,  3%  of  Na  NOj  as  corrosion  inhibitor,  was  added 
m  the  mix.  These  mortar  specimens  were  carbonated  by  an  accelerated 
method  introducing  them  after  a  cure  period  of  28  davs,  in  chamber 
with  an  atmosphere  almost  saturated  in  COa  and  with  about  60%  of 
R.H.  Finally,  the  specimens  were  stored  in  a  chamber  with  cyclic 
variations  of  the  relative  humidity:  100%  -  50%,  partially  inmersed 
ir,  distilled  water. 

In  specimens  containing  Zn,  different  proportions  of  Ca  CI2  (2%  or 
3%  by  weight  of  cement),  to  active  corrosion,  were  added.  They  were 
stored  in  a  chamber  with  10C%  of  R.H. 

F.EE'JlTS  AND  DISCUSSION 


Figures  1  and  2  show  the  evolution  of  the  corrosion  intensity  (Icorr) 
versus  time,  of  steel  and  Zn  bars,  measured  by  Rp  (D.C.)  technique. 
By  t r.e  trend  of  figure  1  it  is  possible  to  deduce  that  the  steel 
is  passivated  during  the  cure  period  and  remains  so  during  the  rest 
of  the  experiment,  even  during  the  carbonation  process  and  in  the 
la'er  humidity  conservation  periods.  The  presence  of  3%  Na  N0-*  is 
revealed  effective  to  avoid  corrosion  of  steel  in  these  situations. 

Trie  trend  of  figure  2  shows  a  similar  behaviour  for  Zn  embedded  in 
•rertar  containing  different  proportions  of  Cl*  :  although  at  the  begin- 
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ning  of  the  experiment  the  Icorr  values  are  high  but  decrease  as 
the  time  proceeds.  Only  3%  Ca  CI2  maintains  the  Icorr  in  high  values. 

Figures  3  and  4  show  Nyquist  diagrams  obtained  by  A.C.  Impedance 
measurements.  They  were  simultaneously  obtainea  in  the  same  specimens 
that  in  former  figures.  Figure  3  shows  the  results  on  the  case  of 
the  steel:  the  variation  of  the  impedance  with  the  frequency  gives 
a  more  or  less  vertical  line  that  may  be  the  beginning  of  big  semi¬ 
circles.  This  type  of  trend  is  always  obtained  when  steel  is  passivated; 
the  phase  at  the  lowest  frequency  tested  is  higher  than  45’ .  Figure  4 
shows  the  Zn  behaviour:  without  chlorides  or  with  2%  Ca  Cl^  although 
the  Zn  is  not  being  corrode,  the  phase  shift  at  the  lowest  frequency 
tested  is  smaller  than  in  the  steel,  but  in  the  case  of  3%  Ca  C12 
the  angle  at  low  frequencies  is  smaller  than  456. 

Finally  a  graphical  extrapolation,  using  a  Bode  representation  has 
been  carried  out  in  order  to  compare  the  Rp  values  obtained  hv  *he 
D.C.  technique,  with  th^  impedance  module  value  obtained  hy  the 
A . C .technique .  In  the  »  of  the  steel  a  gcod  agreement  is  obtained 
at  ID'S’  Hz  and  for  ’lie  Zn,  the  agreement  is  obtained  at  10"* 
Hz  -  10'3  Hz. 

By  these  results  it  may  be  drawn  tnat  the  D.C.  technique  is  the  most 
useful  in  ,c der  to  obtain  values  of  the  corrosion  rate,  but  the  A.C. 
fechr.iqu'-  may  give  tne  most  useful  ones  in  order  to  knew  the  morphology 
of  the  attack. 
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CORROSION  AND  STABILIZATION  OF  n-GaAs  IN  AQUEOUS  IODIDE  SOLUTIONS 

P.  ALLONGUE*,  H.  CACHET*,  P.  CLECHET**,  M.  FROMENT*,  J.R.  MARTIN**  and 
E.  VERNEY** 

*  Laboratoire  de  Physique  des  Liquides  et  Electrochimie  (LP  15  CNRS) 
associe  a  1'Universite  Pierre  et  Marie  Curie 
4,  place  Jussieu  -  75230  Paris  Cedex  05,  France 
**Laboratoire  de  Physicochimie  des  Interfaces  (UA  404  CNRS) 

Leole  Centrale  de  Lyon 
BP  69131  Ecully  Cedex,  France 


Corrosion  of  photoanodes  is  one  of  the  factors  which  limit  the  use  of 
n  type  small  gap  semiconductors  in  the  photoelectrochemical  conversion  of 
solar  energy.  Photoanodes  can  be  stabilized  by  concentrated  reducing  redox 
systems  ' .  Results  will  be  presented  concerning  the  stabilization  of 
n-GaAs  (1,0,0)  single  crystals  by  the  C I — / I 2 )  couple  at  various  pH  and  at 
different  concentrations  of  iodide  and  iodine.  The  stabilization  coefficient 
is  determined  by  the  rotating  ring  disk  technique  3  .  The  energetic  condi¬ 

tions  and  the  transfer  kinetics  are  studied  by  impedance  measurements. 
Corrosion  products  in  the  dark  and  under  illumination  are  identified  thanks 
to  reflexion  high  energy  electron  diffraction  (RHEED) . 

Rotating  ring  disk  measurements  prove  the  dependence  of  stabilization 
on  the  reducing  agent  concentration  and  the  proton  activity.  The  best  sta¬ 
bility  (  "0  100  %)  is  obtained  with  highly  concentrated  iodide  medium  (7  M) 
at  pH  =  0  as  measured  with  the  glass  electrode.  In  the  7  M  medium  we  observe, 
with  increasing  acidity,  that  (i)  the  thickness  of  the  formed  oxide  layer 
cecreases,  and  (ii)  the  surface  roughness  disappears.  Indeed,  a  cfc  AS2O3 
oxide  layer  is  found  by  RHEED  analysis  after  4.5  hour  illumination  at 
V  =  *  0.1  V/SCE  (Iph  =  1  mA/cm^)  in  7M  Nal  pH  =  2  (Fig.  la)  and  pH  »  0 
(Fig.  1b)  solutions.  The  well  defined  ring  pattern  obtained  in  Fig.  la 
indicates  a  thicker  layer  at  pH  =  2  than  at  pH  =  0.  For  lower  iodide  con¬ 
centrations  the  anodic  photocorrosion  of  n-GaAs  occurs  ;  the  stabilization 
efficiency  is  only  40  %  in  a  2M  Nal  pH  =  0  solution. 

impedance  measurements  performed  in  the  dark  in  I2  free  solutions  show 
that  the  band  edge  positions  of  n-GaAs  are  independent  of  the  I  concentra¬ 
tion  in  the  range  0.1M  -  7M.  However,  as  others  ^ ,  we  find  a  positive  shift 
,'f  the  band  edges  with  an  increasing  It  concentration.  These  variations  are 
presented  in  Fig.  2a  for  the  7M  Nal  pH  =  0  (as  measured  with  the  glass 
electrode!  solution.  Note  chat  the  spontaneously  formed  It  (  c*  1 0~  .1)  in 
such  an  acidic  medium  explains  that  the  flat  band  potential  is  -  0.85  V/SCE. 
This  value  is  slightly  positive  compared  to  the  Vjj,  found  in  I2  free 
solution  (  -  0.93  V/SCE).  Fig.  2b  shows  the  variations  of  the  flat  band 
potential  shft  <1V against  the  saturated  current  density  (proportional  to 
illumination.)  measured  at  V  =  *  1.0  V/SCE  in  a  7M  Nal  pH  «  0  (•)  and  a 
2M  Nal  pH  =  0  (*)  solution  .  The  electrode  area  is  0.25  cm-.  In  the  highly 
concentrated  medium  the  limiting  value  of  AVfj,  is  only  'v.  140  mV  while  it  is 
v.  260  mV  in  the  2M  solution.  If  we  consider  that  the  redox  potential  is 
■*  0.1  and  +  0.18  V/SCE,  respectively  for  the  7M  and  2M  electrolytes,  it  is 
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found  that  the  energy  diagram  of  the  junction  (band  edge  positions  of 
n-GaAs  with  respect  to  the  redox  potential)  remains  almost  the  same  in  both 
media.  This  later  remark  indicates  that  the  hole  trapping  at  the  surface, 
responsible  for  the  V£b  displacement  is  controlled  by  both  charge  trans¬ 
fer  kinetics  at  the  interface  and  corrosion  rate.  A  very  good  stabilization 
and  a  greater  transfer  kinetics  in  the  7M  electrolyte  would  then  explain 

the  smaller  shift  AV,,  . 

tb 

Preliminary  experiments  have  been  performed  with  Ruthenium  treated 
n-GaAs  electrodes.  The  chemisorption  of  Ru^+  is  achieved  by  dipping  the 
electrode  in  a  10“ RuClj  +  10“'m  HNO3  solution.  Fig.  3  presents  poten- 
tiostatic  I-V  characteristics  of  the  n-GaAs/7M  Nal  (pH  =  0)  junction  under 
illumination  with  a  Ru-treated  (curve  a)  and  a  bare  (curve  b)  electrode 
(area  0.25  cm2).  As  in  the  case  of  Se^“  solutions  ^ ,  it  can  be  seen  that 
this  surface  modification  increases  both  fill  factor  and  photopotential  of 
the  junction  (curve  a,  Fig.  3).  Moreover  the  band  edges  remain  pinned  at 
-  0.84  V/SCE  even  under  illumination.  The  former  fact  indicates,  as 
before  ^ ,  that  the  Ruthenium  has  a  catalytic  effect  upon  the  transfer.  The 
later  fact  confirms  that  the  magnitude  of  the  flat  band  potential  shift  is 
correlated  to  the  transfer  kinetics  2. 
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APPLICABILITY  OP  THE  ELECTROCHEMICAL  METHODS  TO  THE  STUDY 
OF  THE  EXTERNAL  CORROSION  OF  METALLIC  TUBES  IN  BUILDINGS 

F.  HUETE  AND  J.J.  ROYl'ELA 
CENIM,  Madrid  (Spain) 


Since  UP  Evans'  work  in  the  20 ' s  the  electrochemical 
nature  of  tne  metallic  corrosion  was  known.  Different  methods 
to  study  the  behaviour  of  metals  and  metallic  alloys  in  diffe¬ 
rent  environments  were  developed1.  In  general  electrochemical 
m^-ntds  consist  in  the  application  a  DC  or  AC  signal  to  the  sys¬ 
tem  and  registration  of  its  response.  If  the  imposed  magnitude 
is  current  "he  methods  are  gal  var.ostatic ,  and  if  the  magnitude 
is  potential  the  method  ?re  pctentiostatic  or  potencir dinamic . 

The  positive  result's  obtained  in  previous  papers  on 
•he  :crrcs:.cn  of  steel  and  galvanized  steel  in  concrete2, 3,  jus¬ 
tifies  the  use  of  electrochemical  methods  for  the  specific  case 

.  f  tubes  in  buildings,  ( - - - — — — 

*hi:h  .s  a  similar  en-  l0‘  L 

• . :  or.ment .  .  ne  t,r.n  n-  F  ! 


low  protester  ona- 
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t'll  -han.ges :  moisture 
level,  pi!  and  high  level 
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employed.  In  the  DC  me- 
tod  an  overpotential 
c.  1  -10  mV  with  rela¬ 
tion  to  E  was  appl ied 

and  the  response  were 
recorded  ir.  cu rrent 
alter  30  second  (stea¬ 
dy-state'1.  With  these 
v clues  Rp  was  determi¬ 
nated  ar.d  employing 
the  Stern  -  Geary  for¬ 
mal  a,  i„orr  were  cal¬ 
culated^.  The  measu¬ 
rement  e  were  made  with 
i  potentiostat  AMEL-55' 
with  positive  feed- 
bach.  In  the  AC  method 
a  f recuer.c ies  sweep 
between  55  kHz  and  i 
mHz  was  realized.  The 
amplitude  signal  was 
tf  i 0  mV.  The  impedan¬ 
ce  -ester  was  repre- 
i  r.  z  ft  0  module/ 
argument  form,  -.t  diffe¬ 
rent  frequencies 
■ 'iyguis  i  Diagram)  and 
assumi.  r.c  the  validity 
o  f  the  P  a  n  d  1  e  s  1  ci  rev  i  t , 

•; r.e  values  of  Rp  and 
i  v.rr  were  :  *1  culled. 


/ 
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~ r e c u er.sy  Keep o r  t e 
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The  probes  were 
■reparec  with  normali¬ 
zed  tubes  of  c.ta  more 
'cmmon  metals  used  .n 
buildings  ‘’steel  galvanic 
mortar  of  cement /sand  1  .'7 
• ar  probes  were  stored  in 
.  :  v  submerged  in  water  if 
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and  ware: /cement  i  ,  '■  ratios.  The  mor- 
different  degrees  of  humidity:  partia 
C %  ar.d  50%  cf  relative  moisture.  In 
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study  the  influence  cf  chr. rides 
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Results  and  comencs 

According  to  the  results  obtained  we  can  see  that  the 
electrochemical  methods  give  acceptable  information  about  the 
exterior  corrosion  of  tubes  embedded  in  buildings.  In  the  fig. 

1  some  significant  examples  of  the  measurements  in  the  DC  method 
in  different  conditions  were  plotted.  These  values  correspon¬ 
ding  to  the  end  of  the  study.  In  the  case  of  the  steel  and  the 
galvanized  steel  in  gypsum  ar.d  stored  in  50%  RH,  due  to  the 
dry: rig  of  this  construction  material  the  measurements  cannot  be 
made  until  the  finish  of  the  test.  We  can  see  that  only  there 
is  a  linear  relation  between  Ecorr  and  iCOrr  f°r  the  galvanized 
steel.  In  the  case  of  the  steel  and  specially  in  the  copper, 
there  are  big  differences  of  the  values  of  icorr  compared  with 
a  very  similar  values  of  Ecorr,  this  mean  that  occues  changes 
ir.  the  corrosion  kinetics  in  different  environments. 

Some  examples  of  the  impedance  diagrams  are  shows  in 
rig.  2  for  the  metals  and  the  environments  employed  in  this 
study.  T.nete  diagrams  indicate  the  validity  of  the  Randles'  equi_ 

■  -.l^r.t  circuit,  in  the  case  cf  the  steel  without  chlorides  where 
-i.*=  'apti'itive  behaviour  may  concern  to  the  passive  state  of 

Cr  the  other  hand  the  behaviour  of  the  steel  embedded 
ir.  gypsum  perhaps  can  be  explained  because  when  a  little  half- 
dircjnferer.ee  appear  ir.  the  diagram  is  hard  to  show'  clearly. 
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ELECTROCHEMICAL  ESTIMATION  OF  CORROSION  RATES  ON  PAINT  COATED  METAL  SURFACES 
S.  PEL  If ,  J.M.  BASTIDAS  and  M.  MORCILLO 

Centre  National  de  Tnvestigaciones  Metal urgicas,  Ciudad  Universitaria, 
Madrid,  Spam. 


Introduction 

The  determination  of  the  corrosion  rates  of  painted  metals  by 
electrochemical  measurements  presents  the  problem  of  the  high  ohmic  resis¬ 
tance  across  the  organic  coating.  The  value  of  the  charge  transfer  resis¬ 
tance,  which  under  other  circumstances  can  measure  the  corrosion  rate, 
appears  now  masked  by  the  high  chmic  resistance  through  the  paint  coating. 
Only  when  this  coating  is  damaged  tne  interference  disappears.  However,  the 
measurements  in  these  conditions  are  less  interesting. 

Electrochemical  measurements  carried  cut  on  a  paint  coating  in 
relatively  good  condition  give  direct  information  about  its  insulating 
power  as  well  as  indirect  information  about  its  porosity  and  the  probable 
corrosive  activity  level  existing  on  the  metallic  substrate.  However,  this 
lac:  infematien  is  only  qualitative.  It  is  necessary  to  adopt  a  new 
approach  to  be  able  to  produce  quantitative  data. 

The  aim  cf  this  communication  is  to  study  the  possibility  of 
operating  below  the  paint  coating  using  the  sc  called  "segmented  test 
piece"  (Fig.  1 ) ,  as  previously  described  ' 1  ,2) ,  on  which  it  is  possible 
to  analyte  the  response  cf  the  metallic  substrate  t.c  electric  signals 
without  passing  these  across  the  paint  coating. 

Equivalent  -"ircui-t 

The  equivalent  circuit  from  Fig.  2. A)  is  representative  of  -on- 
vei.tional  electrochemical  testing  with  a  counter  electrode  external  to  the 
paint  coating  (Fig.  2,  sketch  on  right).  In  this  figure,  R  is  normally 
cf  an  order  of  magnitude  equal  to  or  higher  Tm  R..  Fig.  5  (3)  shows  the 
•■•qvivaier.t  circuit  using  the  new  measuring  *'■•  ;.on:que  bas'd  on  the  segmen¬ 
ted  vest  piece  when  the  metal/paint  interface  is  '~:rT  ami  rated  with  sal* 
and  exhibits  ionic  conductivity.  In  this  cate  the  current  flews  in  a  lire 
parallel  * o  the  metallic  surface.  The  resistance  R  of  the  thin  electrolyte 
film  on  “he  metal,  paint  interface  is,  normally,  much  lower  than  the  resis¬ 
tance  R,  cf  the  faradaic  process. 

Experimental  results  ar.d  discussion 

The  contaminated  metal, paint  interface  attains  conditions  of 
' conductivity  in  a  snort  time  from  the  start  cf  it?  exposure  to  water. 

T.nis  car.  he  seen  when  comparing  the  impedance  diagrams  obtained  with  the 
"cr:venticnal  method  and  the  new  one  (Fig.  3).  On  initiation  exposure  period 
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both  diagrams  have  the  same  "open  arc"  shape,  with  high  values  of  impedance 
moduli  and  phase  angles.  However,  whilst  the  impedance  diagrams  obtained 
with  conventional  testing  continue  practically  without  change,  "closed 
curves"  with  a  semicircular  shape  are  obtained  in  a  short  period  of  time 
when  using  the  segmented  test  piece.  It  seems  likely  that  this  period  of  ti¬ 
me  "permeation  time)  will  depend  on  how  quickly  water  molecules  reach  the 
metal/paint  interface  by  diffusion,  and  it  appears  to  depend  on  the  thick¬ 
ness  of  paint  film.  For  example,  for  20  mg  NaCl/m2  surface  contamination, 
permeation  tines  of  4,  10  and  42  hours  have  been  determined  on  paint  films 
44,  1000  .arid  206  pm  thick,  respectively. 

Frovided  that  the  metal/paint  interface  becomes  conductive,  the 
impedance  diagrams  obtained  with  the  segmented  test  piece  allows  an  easy 
evaluation  of  the  corrosion  rate  (vc)  of  the  metallic  substrate  by  using 
the  Sterr.-Geary  fcrmule  (VC=B/Rr)  and  assuming  that  the  diameter  of  the 
semicircle  of  the  impedance  diagram  is  R^.  It  is  interesting  to  note  the 
strong  effert  of  thickness  and  exposure  time  on  the  protection  offered  by 
tne  paint  coating.  Corrosion  rates  of  the  metallic  substrate  determined  af¬ 
ter  9-i0  hours  of  exposure  to  the  aggresive  medium  are  almost  inversely  pro- 
pert  :  or.  a.  to  coating  thickness.  Finally,  the  impedance  diagrams  obtained 
ruggest  tr.at  a  surface  contamination  above  20  no  NaCl/m2  has  farther  little 
effect  the  corrosion  rate  of  *-he  metallic  substrate. 
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mrroo  in  tor. 

"re  difficulties  to  achieve  the  steady-state  conditions  when 
pclarcpa-ior.  is  applied  tc  the  steel /concrete  system  have  favored  other tech- 
r.i  based  cr.  imp-dance  ( i  >  and,  sometimes ,  transient  measurements.  In 
■; r v  tc  inter  tret  t.nese  measurements  it  is  necessary  to  assume  a  model 
ale :it  niter. t  •  whi<*h  simulates  tne  benaviour  of  the  steel /concrete 
systet  ..tier  an  electrical  -icr.al.  If  the  experimental  data  are  sampled  du¬ 
ring  --  q-d-e  short  period  cf  time  after  applying  the  signal,  the  effect  of 
mars  transfer  .ar.  bo  ignored. 

In  pr-ntire,  the  d  <ra*  i-.r.  of  the  -torrent-time  transient,  which 
-er-lts  rr.m  tie  applies: ;  ;.t  of  a  potent,  al  tc  the  specimens,  is  longer  than 
t:.e  *mr-t  1  .-.-.I  prediction  based  n  the  model  cf  Pig.  ’.  In  the  f.-oquency- 
the  imred.irre  diagram  rruay  snow  ir.  small  arid  Dad-resolved  se¬ 
me  ■emit: rcle  at  high  .Frequent  ier  instead  .f  drawing  an  unique  semicircle. 
The.  it.bts  are  cast  about  the  validity  •.  f  circuit  in  Pig.  1  for  represen- 
•  .r  ;;  tne  steel  concrete  system. 

This  experimental  contradiction  may  be  overcome  with  other  mo¬ 
rel:.  sr..:*r.  in  Pig  2,  where  the  transient  period  is  longer  due  tc  the 
i"  tr  me  resistance  2-,  in  series  with  the  capacitance  03. 

■es;>  T-te  a  potential  step  of  the  proposed  model 

Using  the  operational  calculus,  it  is  not  difficult  to  derive 
the  retporso  functions  to  different  electrical  signals  for  the  model  shown 
...  1  :.  2.  Vr.tr.  this  signal  is  a  potential  step,  the  response  is  expressed 

I  -  AV  '<■  exp(xtt)  -  K;  eXp  Xg"  J  (  1  3 

*->:»■  -or  .a,  :en  of  x,  and  x  0  ire  the  (real  and  negative)  roots  of  the 


1  J 


C2R3 


)  x 


R-,  *  r2 

P  R  "p”.-'  C 

12  3"!  2 


=  0 


[2] 


and  K  =  - — — 

°  Vr2 


being  A= 
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Ax  *  +  Bx^  +  C 
x1(x1  -x2) 

R0C,  +  R  C  +  R  C 
Cl  c  c  3  c 

~WS~2 


Ax22  +  Bx2  +  C 

vvv 


R,  R_R,C.  C_ 
12  3  12 


In  practice,  the  values  for  x  and  x  usually  differ  over  one 
c-rder  of  magnitude.  Inmediately  after  applying  tne  signal  the  response  curve 
is  mainly  affected  by  only  one  of  the  two  exponential  terms  of  Eq.  2,  while 
the  influence  of  the  other  exponential  term  becomes  important  after  periods 
of  time  of  the  order  of  one  or  more  seconds  frcrn  the  start,  when  the  effect 
cf  the  first  one  can  be  neglected.  Therefore,  in  order  to  have  a  complete 
knowledge  of  the  response  function,  it  is  necessary  to  combine  data  taken 
during  the  first  few  fractions  of  a  second  from  the  start  with  data  taken 
throughout  a  period  of  various  seconds  (e.g.,  between  2  and  10  s).  The  va¬ 
lues  of  the  parameters  iO,  ,  K,  ,  5C,  ,  x^  and  :<2  which  best  fit  the  experi¬ 
mental  data  are  obtained. 'with  the  help  of  a  computer  program. 

The  values  of  components  of  tne  proposed  electrical  model  are 
readily  calculable  from  the  parameters  of  Eq .  2. 

Experimental  technique  and  results 

Four  series  of  cement  mortar  specimens  (7, ,  T0,  7.  and  T,  series; 
ver«  prepared  with  a  water/ cement  ratio  of  1/3.  In  the  7.  "and  “7.,  series,  2% 
"f  TaTl2  by  weight  was  added  to  the  cement .  .'lain  steel  bars  were  used  m 
the  7-  and  T„  series,  and  corrugated  bars  were  usee  in  the  7.  and  7  scries. 
The  specimens  were  2  cm  x  5.5  cm  x  8  cm  size,  and  the  metallic  area  exposed 
tv.  corrosion  was  about  6  cm^.  .Ml  the  results  are  referred  to  this  area. 

The  specimens  were  held  in  a  chamber  at  about  1 00%  relative  hu¬ 
midity.  From  time  to  time  pulses  cf  potential  were  applied  to  "hem.  Fig.  3 
c.ncvs  "he  typical  response  to  a  10  mV  potential  step.  An  oscilloscope  was 
used  to  record  the  response  curve  during  the  first  fractions  of  a  second 
from  tne  start,  and  a  graphical  plotter,  for  the  period  between  0.5  arid  10 
or  more  seconds. 

Faraneters  of  the  proposed  model 

The  numerical  data  to  be  used  in  the  calculations  were  sampled 

from  the  response  curves.  Table  I  shews  the  calculated  values  of  parameters 

,  K.  ,  K5,  x  and  x  for  the  response  curves  after  4  months  specimen  life. 

From  these  values  the  cumrxor.ents  R,  ,  R  ,  R  ,  C  and  C  have  been  calculated 
......  r  ,  a  j  1  a 

. 11 ; . 

Tr.  the  model  in  Fig.  2,  the  component  R,  represents  the  ohmic 
resistance  between  tlie  working  and  reference  electrodes.  It  teems  reasonable 
'hat  F  Torres por ds  to  the  resistance  cf  the  faraduic  process,  and  C'0  to  the 
d^ub.e  layer  capacitance.  Mere  doubtful  is  the  physical  sigruf icar*;e“cf  tno 
■' r  r.er  twr  components,  C  and  R,,. 
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Determination  of  the  corrosion  rate 

For  determining  the  corrosion  rate,  it  is  not  necessary  to  iden¬ 
tify  all  the  components  of  tne  equivalent  circuit  in  Fig.  2.  Only  the  value 
of  the  resistance  R2  is  needed.  Accepting  that  R  represents  the  charge 
transfer  resistance,  the  corrosion  intensity  will  be  calculated  using  the 
well-known  Stem-Geary  equation  lcorr“  B/Rg* 

An  easy  way  to  calculate  R2  come  out  frcm  the  fact  that  one  of 
the  exponential  terms  of  Eq.  2  becomes  negligible  after  a  very  short  time 
interval.  If  t^1  seconds,  this  equation  may  be  rewritten  as  I/&V  = 

=  K  +  K1exp(  x^).  Advantages  of  this  simplification  are  (a)  the  easy  way 
to  obtain  the  experimental  data,  e.g.  from  a  single  graphic  record  between  1 
and  TO  seconds,  and  (b)  the  easy  treatment  of  these  data  for  calculating  the 
parameters  of  such  an  equation.  Thus,  if  ic,  is  determined  separately  or 
compensated,  the  value  of  R2  can  he  immediately  calculated  from  the  value  of 
parameter  Kq  expressed  by  the  relationship  Kq  =  1/(R.  +  R  ). 
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"Istituto  G.Donegani  -  Dipartime.nto  di  Cor rosione  -  Novara  (Italy) 
'Dipartimento  di  Ingegneria  dei  Materiali  e  della  Prcduzione  -  Napoli  (Italy) 


One  of  the  main  difficulties  in  the  corrosion  electrochemical  testing  in 
organic  solvents  is  the  low  reproducibility  of  the  experimental  measurements 

strictly  related  to  the  surface  conditions  of  the  specimen  used  as  ele¬ 
ctrode  and  to  the  possibility  of  mantaining  the  testing  solution  free  from 
oxidation  products  both  of  the  solvent  and  electrode. 

The  r._->d  of  working  with  a  fresh  generated  metal  surface,  free  from  air- 
born  passivity  and  in  conditions  ensuring  the  constant  composition  of  the 
solution,  required  to  set-up  an  experimental  procedure  allowing  measurements 
in  flowing  electrolyte.  ^  ^ 

The  polarization  cell  was  a  cylindrical  pyrex  glass  tube  (Fig.  1);  the 
r.etal  specimen,  of  cylindrical  shape  with  a  surface  area  of  ca.5.5  cm  ,  was 
mounted  using  a  Teflon  electrode  holder.  The  electric  contact  was  made 

by  an  inner  metal  rod. 

The  flow  (4-5  ml/min)  was  obtained  by  pressurizing  a  solution  reservoir 
with  dessicated  nitrogen. 

The  test  ar.d  pickl ing  solut ions  wore  alternatively  pumped  from  the  reser¬ 
voirs.  For  the  preparation  of  the  metal  surface,  the  usual  treatment  with  e- 
mery  paper  was  followed  by  a  cathodic  polarization  directly  within  the  cell 
.it  -0.7V  ,  SCE)  for  '.0  minutes  in  a  2-10  M  HtS04  methanolic  solution.  Aftet 
the  pickling  treatment  the  test  solution  was  introduced  into  the  cell. 

The  ar.odic  behaviour  of  A.I.S.I.  446  Stainless  steel  has  been  investiga¬ 
ted  m  deaerated  methanolic  solutions.  The  formation  ar.d  stability  of  the 
passivity  film  has  beer,  evaluated  cy  varying  wafer  content  (200-5000  ppmv) , 
ride  ana  sulphuric  acid  concentrations  ■  lo"'5  r  lo"‘-M)  and  temperature 
'15-40-0 .  The  study  has  teen  performed  by  means  of  anodic  potentiostatic 
t ran  ;•  lent s .  The  analysis  of  corrosion  behaviour  by  means  of  anodic  potentio- 
sfatic  transients  can  give  more  simple  ar.d  direct  information  as  regards 
-re  kinetic  aspect  of  the  passivity  film  formation.  The  latter  aspect  is 

fact  disregarded  by  potent iedyr.amic  curves  which,  even  at  the  lowest 
.■lan  rates,  always  represent  the  present  situation  of  the  specimen. 

Measurements  have  teen  carried  out  using  an  Amel  equipment  assembled 
with  a  potent iostat  mod.  552,  a  signal  generator  mod.  567,  an  interface 
r.wd.  560  and  a  current  integrator  mod.  721. 

In  order  to  increase  the  conductivity,  0.1M  lithium  perchlorate  was  ad¬ 
ded  to  the  solutions. 

Experimental  results  indicate  that  A.I.S.I.  446  Stainless  Steel  is  not 
particularly  prone  to  corrosion  phenomena  in  deaerated  methanolic  solutions. 
In  fact,  even  m  the  presence  of  relatively  high  acidity  (10_3m  H-1SO4)  and/ 
'.r  chlorides  'LiCl  <  ICT'M),  stable  protective  oxide  films  are  built-up 
-  f  f.ne  water  content  is  about  5000  ppm^  (Fig.  2,  a,b)  . 


Fig.  1  -  Cell  for  measurements  in 
flowing  solution. 
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Typical  behaviour  of  potentiostatic  transients  at  +10O_mV  for 
A.X.S.I.  446  Stainless  Steel  in  methanolic  solution  lo  3M 
LiCl04.  T=20°C . 


a)  lo'3M  H  SO 
0.5%  H20 

b)  io"3m  h_,so4 

10~3M  LiCl 
0.5%  H20 


c) 

d) 


10_3M  LiCl 
0.02%  H 20 

10_3M  h2so4 

;o"2M  LiCl 
0.5%  H20 
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On  decreasing  the  water  content,  the  corrosion  resistance  of  the  metal 
is  greatly  reduced  and  the  conditions  for  localized  attacks  are  likely  to 
occur  (Fig .  2 , c)  . 

The  influence  on  corrosion  phenomena  of  a  decreasing  of  the  water  content 
results  greater  than  that  corresponding  to  an  increase  of  acidity  and  chlo¬ 
rides  . 

In  aggressive  environments  the  passivation  current  increases  with  the 
temperature  while  a  beneficial  effect  is  observed  in  conditions  in  which 
stable  Dassive  films  are  formed. 


F. Mazza,  S.Torchio,  N.Ghislandi,  Proceeding  of  the  International  Congress 
:,n  Metallic  Corrosion,  Toronto,  1,  102  (1984) 

G. Capobianco,  G.Farnia,  G.Faita,  C. A. Farina,  Proceeding  of  the  International 

Congress  on  Metallic  Corrosion,  Toronto  3  532  (1984). 


ELECTRODE  PROCESSES  AT  HAFNIUM 
IN  VARIOUS  ELECTROLYTES 


J.PIROTH  and  E.BRAUER 

Institut  fur  Physikalische  Chemie  der  Universitat 
Frankfurt/Main,  West -Germany 


The  knowledge  of  the  behaviour  of  Hafnium  in  acidic  and 
basic  solutions  (^£0^.,  HNOj,  HCIO^,  NaCl,  NaOH)  is  of  growing 
interest  with  respect  to  the  corrosion  phenomena  of  this  metal 
which  is  being  used  more  and  more  in  reactor  plants.  The  ex¬ 
tremely  high  corrosion  resistance  is  due  to  the  generation  of 
thin  protective  oxide  layers,  the  growth  of  which  is  shown  in 
Fig.  1  as  a  function  of  the  applied  potential. 


U/nAs  cm’1 


10 


60 


40 
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Fig.  1 :  oxide  layer 
growth  as  a  function 
of  applied  anodic  po¬ 
larisation 


The  oxides  were  found  to  be  non-uniform  according  to  SIMS  on 
Hf  oxide  prepared  by  anodic  polarisation  with  0.5  mA/cm^  in 
0.5  M  H2S04  (Fig.  2). 


frig.  2  :  SIM  spectrum  of  Hafniumoxid 
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Cathodic  Tafel  plots  of 
Hf  in  various  electrolytes 
are  given  in  Fig.  3>  the 
unregularities  will  be  diS' 
cussed. 


FIr.  3:  Tafel  plots  of 
HafnTuE  in  vrrious  elec¬ 
trolytes 


Extended  impedance  measurements  were  performed  to  elucidate 
the  electrode  processes  of  Hafnium.  A  suggestion  by  Gohr  to  use 
equivalent  circuits  was  followed  to  interprete  the  spectra. 

Fig.  ha  presents  a  series  of  spectra  for  Hf  in  0.5  M  H2SO4 
after  anodic  polarisation  at:  1  =  0.1  V,  2  =  1.6  V,  3  =  6*6  V, 

4  =  0.6  V. 


Table  1 :  Calculated  parameter  for  the  elements 
in  F ig.  4b 


Impedance  spectra  of  Hafnium  after  cathodic  polarisation 
iffer  clearly  in  shapes  for  ip  and  Z  from  those  shown  above 
re  equivalent  circuit  contains  an  adsorption  parameter. 

he  results  will  oe  discussed  and  compared  to  those  of  Ti 


Wlk  .iSi'ratf 
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INVESTIGATION  OP  AMORPHOUS  TITANIUM  ALLOY 
IN  0.2  N  H2S04 


M.V. Susie 

Institute  of  Physical  Chemistry,  Faculty  of 
Science,  Belgrade,  Yugoslavia 


Titanium,  together  with  its  alloys,  containing  different  me¬ 
tals  belongs  to  a  group  of  the  most  important  building  materials 
due  to  their  high  corrosion  resistance  to  various  agents  and  hi¬ 
gh  thermal  stability.  Titanium  also  belongs  to  a  group  of  so  ca¬ 
lled  "valve"  metals  which  owing  to  spontaneous  or  direct  elect¬ 
rochemical  passivation  protect  themselves  from  corrosion.  During 
this  process  oxide  layers,  different  in  thickness  and  properties 
which  depend  on  the  very  nature  of  metals  and  formation  conditi¬ 
ons,  are  composed. 

On  the  basis  of  literature  data^“^and  our  previously  obtain¬ 
ed  results' 5)  concerning  the  problem  of  anodic  layers  formation 
on  valve  metals,  we  established  an  equation  that  describes  the 
decrement  of  current  passivation  during  time  t,  i.e. 

1/i  =  l/i0+k±/b  or 

-log  i  +  log( i  -  i/iQ)  =  log(k/b)  +  log  t  (1) 

where  i  and  i  is  a  current  passivation  at  t=0,  i.e.  at  t>0, 
while  k  and  b  are  constants.  It  follows  from  (dE/dt)=ki  relation 
that  a  constant  k  is  the  measure  for  the  rate  of  anodic  layer  for¬ 
mation  potential_(E)  charge  at  constant  current,  i.e.  the  measu¬ 
re  of  the  increment  rate  of  oxide  layer  resistance,  independent¬ 
ly  from  the  layer  thickness.  Therefore,  it  follows  from  the  above 
that  the  more  consumed  current  is  for  area  passivation  the  less 
is  k,  what  means  that  corrosion  is  greater.  The  left  side  of  equ¬ 
ation  (1)  marked  P  written  according  to  log  t  gives  a  straight 
line  with  the  slope  1 ,  the  value  k/b  for  log  t=0  can  be  derived 
from,  while  the  value  k  can  be  derived  from  a  particular  galvano- 
static  (chronopotentiometry)  experiment.  The  position  of  a  stre- 
ight  line  P  vs.  log  t  within  a  coordinate  system,  i.e.  the  value 
leg  k/b  for  different  values  of  a  polarization  potential  demons¬ 
trates  the  resistance  to  corrosion.  The  more  positive  is  the  va¬ 
lue  log  k/b,  i.e.  a  line  is  shifted  to  the  right  within  a  coor¬ 
dinate  system,  the  greater  the  resistance  of  a  sample  to  corro¬ 
sion  is.  This  holds  for  those  passivation  processes  that  are  not 
followed  by  other  electrochemical  processes. 

Both  cyclovoltmetric  and  potenticstatic  (cyclochronoampermetry) 
(PAR-170)  investigations  of  a  plain  surface  (D)  and  a  cross  sec¬ 
tion  (0)  of  a  foil  of  T.i?;=Al  alloy  and  a  nlain  surface  (B)  and  a 
cross  section  (A)  of  a  ribbon  of  amoruhouo  alloy  62Ti25Ni9Cu4Si,* 
proved,  on  the  basis  of  the  above  mentioned  equation  (1)  that 
plain  surfaces  are  more  resistant  to  corrosion  than  the  corres- 
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ponding  cross  sections.  It  can  be  seen  from  Pig.  1  that  the  den¬ 
sity  of  current  passivation  at  potential  1 .0  V  are  higher  at  the 
cross  sections  than  at  plain  surfaces,  as  well  as  the  fact  that 
the  quantity  of  electricity  expended  in  the  course  of  the  first 
passivation  cycle  from  0.0  to  3.0  V  for  6  sec.  shows  a  twin-like 
behaviour  as  is  presented  in  the  following  Table: 

Sample  ?  A  B  C  D 

Current,  mA/cur  13.66  2.4-0  3.24  2.64 

Q,  mC/cm2  366.4  60.7  21.4  15.4 

The  rise  in  number  of  cycles  is  followed  by  a  decrease  rate 
of  anodic  current  at  the  end  of  cycles  at  3»0  V,  that  is  greater 
at  plain  surfases  when  compared  to  cross-sections,  Table  X. 


Table  I 

The  anodic 
cycles  at 

current  depending 
3.0  V. 

on  the 

number  of 

Current  nA/ 

cm2Sample  A 

■  B 

C 

D 

t,sec 

h 

268.8 

42.5 

39.6 

3.6 

6 

165.9 

21.6 

23.1 

1.2 

12 

c. 

143.0 

16.2 

19.5 

0.9 

18 

*4 

127.0 

13.3 

- 

0.6 

24 

The  analysis  of  chronoampergram  shews  that  the  current  passi¬ 
vation,  when  all  samples  are  taken  into  consideration,  reaches  a 
constant  value  after  a  certain  period  of  time.  This  analysis  gi¬ 
ves  straight  lines.  Pig.  2,  according  to  equation  (1),  with  a  slo¬ 
pe  different  from  one;  different  values  can  be  found  for  k/b  and 
the  same  order  is  characterized  for  the  valueB  of  a  constant  k 
as  is  evident  from  the  following  Table:  " 


Samnle 
hiValog  t 
-  log (k/b) 
k, (v.cm2/mA. 


3) 


A  B 

0.625  0.847 

3.6  2.57 

0.0088  0.140 


C  D 

0.827  0.933 

2.91  1.07 

0.075  0.180 


Ail  the  quoted  data,  together  with  To:’ el's  analysis  of  polari¬ 
zation  curves,  save  the  values  of  straight  lines'slope  (AP/hlog  t 
for  0.8  V)  indicate  a  greater  corrosion  along  cross  section  when 
compared  to  plain  surfaces.  However,  the  slopes  point  to  the  fact 
that  the  formation  of  anodic  oxide  layer  is  followed  by  another 
anodic  process,  the  product  of  which  has  no  influence  on  the  oxi¬ 
de  layer  thickness.  The  intensity  of  this  process  is  in  the  oposi- 
te  relation  to  the  slope  value.  Therefore,  the  analysis  of  the 
thickness  of  anodic  oxide  layer  was  carried  out  by  measuring  the 
capacity  (C)  of  the  boundary  phase  of  anodized  sample/electrolyte 
c y  ac  polarogrsphy  with  a  phase  sensitive  detector* within  frequ¬ 
ence  field  100-1000  Hz,  depending  on  passivation  potential  (Table 
II ).  The  results  proved  that  the  relative  capacities  are  greater 
with  cross  sections  than  with  plain  surfaces  and  that  the  same  de¬ 
crease  with  the  rise  of  formation  potential  i.e.  with  the  rise  of 
oxide  layer  thickness.  This  in  fact  shows  that  the  cross  section 
of  samples  are  more  resistant  to  corrosion  than  the  plain  surfaces 
are,  as  they  become  passivated  owing  to  a  thinner  oxide  layer  and 
are  therefore  characterized  by  a  greater  capacity.  Thus,  follow¬ 
ing  the  mentioned  results  we  can  say  that  a  greater  current  expen- 
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diture  in  total  anodic  process  should  be  attributed  to  oxygen 
evolution.  It  results  from  the  above  that  the  oxygen  overpoten¬ 
tial  is  lower  at  passivated  cross  section  than,  at  passivated  pla¬ 
in  surfaces.  Having  compared  the  amorphous  titanium  alloy  with  a 
crystal  alloy,  it  can  be  concluded  that  although  they  have  dif¬ 
ferent  quantity  of  titanium  (amorphous  alloy  contains  more  tita¬ 
nium)  an  amorphous  alloy  is  far  resistant  to  corrosion  than  is 
the  crystal  alloy  form  Ti3%Al.  Therefore  it  can  be  reasonable  to 
expect  that  amorphous  alloys  can  be  utilized  as  good  anodic  ma¬ 
terials  for  oxygen  evolution.  Table  II  shows  the  capacities  of 
the  boundary  phase  anodized  samples/ electrolyte  in  dependence  of 
potential  of  oxide  layer  formation  i.c.  of  a  layer  thickness. 

Table  II. 

Sample  A  3  C„  D 


S,  V 

* 

C,  /iP/cm^ 

1.0 

220.0 

26.12 

48.7 

29.3 

2.0 

112.6 

18.o4 

29.1 

18.8 

3.0 

76.6 

15.70 

21.6 

12.8 

Crystallization  (devitrification)  of  amorphous  alloy  (using 
DSC  method)  occurs  in  three  distinct  steps,  at  736,  774  and  784  K 
respectively,  the  last  of  which  represents  the  process  of  crys¬ 
tals'  formation  to  which  the  enthalpy  of  AH--*  22.3  J/g  corres¬ 
ponds. 

Deferences 
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5.  K. Susie 1  Materials  Chem.  and  Phya,,  8,  193  (1963). 


GO 


yclovoitamogrami, , 
^ . 0  V.  500  mV/ 3 


O-iLO  F 

Plotting  of  F  vs.  log  t 
plec  A ,3,0  ad  D,  E-=0.8  V 


06470 


CORROSION  PROTECTION  OF  TITANIUM  ALLOY  AND  STEEI£  IN  MOLTEN 

ALKALI  CARBONATES 

Ozeryanaya  I.N.,  ManukMna  T.I.,  Sannikov  V.I., 

Anfinogenov  A. I. 

Institute  Electrochemistry ,  Sverdlovsk,  USSR,  620219 


Aluminium  and  its  alloys  are  3eli'passivated  in  the  alka¬ 
li  carbonate  melts.  The  application  of  aluminium  alloys  in 
the  molten  carbonate  fuel  cells  are  limited  by  low  melting 
point  of  these  metals.  The  investigation  of  passivation  of 
aluminized  titanium  alloy  and  steels  in  the  alkali  carbonate 
melt  is  described  in  this  paper.  The  diffuse  aluminizing  of 
the  titanium  alloy  (VT1 )  was  carried  out  in  the  following 
condition  :  (mas. %)  BaC?z~  KC^-NaCt  eutectic  -  85;  ACCi^  -5; 
powder  tAi  -  10  for  5h.  at  630°C.The  aluminized  layer 

thickness  is  20-23 /-cm  A^%’  was  found  on  the  sample  surfaces 
by  x-ray  analysis. 

The  aluminizing  of  the  steels  (X18H10T  and  St  20)  wa a 
done  in  the  melt  (mas.#):  tiaCtA  —4-54  KCt-33;  NaCc  -  11,5; 

/•c-r3  -  3;  powder  Fe.  A63  -7,5  at  600  C,  for  1-4h  A Fez(60  - 
140  m  thick)  for  St  20  was  found  on  the  sample  surfaces  by 
x-ray  analysis .  /i(h-  4  ,5  and  AtiyCr?.  (  4-8  xa  thick)  were  found 

on  the  sample  surfaces  of  tne  X16H10T.  The  passivation  of 
aluminized  specimens  was  investigated  in  the  alkali  carbonate 
melt  z:  z  COa  -  r\  2  0  03  -/AioC  ^(4:3  :3)  at  600°  and  700°C  ;  the  cell 
atmosphere  was  7 3 2  or  Ui  -  •  g  Q a .  The  passivation  efficiency 
of  the  investigated  metals  w&3  studied  by  the  patentiostatic 
anode  polarisation  relative  to  the  carbonate  reference  elect¬ 
rode.  The  analysis  of  the  results  shows  (Fig.1)  that  alumini¬ 
zed  YT1  is  passivated  by  the  evolved  cxi^en^iurin?  the  anode 
process :  '’Of'-  n  g  ->  C  0Z  J^(i ) 

The  anode  polarization  curves  of  the  aluminized  V'i'l  aro 
similar  to  those  of  the  nonaluninized  metal  and  YI5  alloy, 
me  passivation  cnaracteristics  of  aluminized  VT1  are  better 
tnar  tnose  of  the  initial  metal:  the  passive: ion  current  den¬ 
sity  is  6-7  times  lower  than  that  of  the  initial  metal  and 
2  times  lower  than  that  of  the  VT5,  which  contained  5 Jjfic* 

A  very  thin  layer  (  1/^a)  of  -  A 403 aad  eluminates  was 

found  on  the  aluminized  surface  VT1 .  The  solid  solution  of 
oxigen  acd  of-Ti  was  no  formed  on  the  aluminized  VT1  samples. 

The  anodic  potentiostatic  curves  of  the  aluminized  dt20 
(rig. 2a)  differ  significantly  from  the  iron  curves  under  the 
same  conditions.  The  region  of  the  iron  active  solution  at 
-If  -0,6V  was  not  observed  on  the  aluminized  0t2C  curves 
tutit  was  got  on  tne  iron  curves.  The  passivation  current  den¬ 
sity  of  the  aluminized  St20  is  5  times’ lower  than  that  of 
iron,  but  the  potential  region  of  the  passivation  is  tne  same, 
lie  .recess  of  envolving  the  anode  gases  (COo  t  :  >  0  ->  ) 
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Pig.1.  The  anodic  pctentiostatic  polarization  atnospl  ere 
COo  ;  Vll  aluminized:  1-600°;  4-700°;  VT5:  2-6CC->; 
5-700°;  initial  VT1 :  5-600°:  6-700° 


proceeds  at  the  ovemotential  0,2  V.  Tho  potentiostatic 
characteristics  of  the  aluminized  X18H10T  differ  from  those 
of  the  initial  steel.  The  anode  polarization  cerves  of  the 
X16H1CT  specimens  are  of  a  similar  character  as  aluminium 
(P is. 2d). 

x  -  1 2  (Jj  and  bl  ft  (■  were  found  on  the  surface  layers  of 
the  X18H10T  specimens,  as  cn  aluminium.  The  dependence  of 
the  oxidizing  rate  of  the  investigated  metals  on  time  may  be 
characterized  by  the  kinetics  of  the  formation  of  protective 
films  at  constant  potential,  lie  have  observed  the  decreasing 
of  the  current  density  with  time  at  constant  potentials.  The 
values  of  these  passivation  region  of  the  aluminized  steels 
(X18H1GT  and  3t2C)  at  600°and  700°.  The  results  obtained 
showed  that  the  change  of  the  anode  current  density  with  ti¬ 
me  obeyed  the  parabolic  law  of  the  oxide  film  growth  (Table) 
after  10  min  of  polarization  for  the  X18H10T  anodes  and 
after  5  min  -  for  3t20.  The  oxidation  rate  constants  are 
increasing  with  the  increase  of  polarization  potentials 
(3t20)  and  temperature  (X18H10T). 


.  ;;.7i."ier.y 

She  diffused  aluminized  layers  si^nif ically  increase 
che  corrosion  resistance  of  the  VT1  and  Steels  (X18H10T  and 
.Jc2G)  in  the  molten  alkali  carbonates  at  600°and  700°» 


06480 


INFLUENCE  OF  WATER  VAPOR  PRESSURE  ON  ALUMINIUM  CORROSION 
IN  MOLTEN  LITHIUM  AND  KALIUM  CHLORIDES 

OZERYANAYA  I.N.,  SHARDAKOV  N.T 
Institute  Electrochemistry,  Sverdlovsk,  USSR,  620219 


LiCl-KCt  mixture  was  used  as  the  soldering  flux  of 
aluminium  and  its  alloys  .  The  data  about  the  influence  of 
the  usual  admixtures  in  this  melt  may  be  of  importance  for 
improving  industrial  processes. 

We  have  studied  the  aluminium  corrosion  in  the  molten 
eutectic  mixture  of  lithium  and  kalium  chlorides  at  the  water 
vapor  pressure  from  15i1CrPa  at  673-873  K. 

A  well-known  method*  was  used,  for  th e  iiCc  and  KCc  mix¬ 
ture  preparation.  But  we  have  determined  the  humidity  of  both 
the  chlorine  hydride  and  helium 3.  The  aluminium  specimens 
A999  (area-  2  cm2,  thickness  -  0,3  mm)  were  chemically  poli¬ 
shed.  The  experiments  were  carried  out  both  in  the  hermetic, 
quartz,  3  electrode  electrochemical  cell  with  helium  atmos¬ 
phere^  and  in  the  optical  quartz  cell,  which  is  placed  into  a 
hightemperature  microscope  camera  Hii-^5 6  ("Union"),  x  400. 

The  interaction  products  were  analysed  with  x-ray  (BRON- 
-2),  Scanning  electron-probe  x-ray  ("Comebax")  and  atomic- 
-absorption  (spectrometer  "Perkin-Elmer" )  methods.  The  corro¬ 
sion  current  density  of  aluminium  was  measured  by  the  weight 
change  of  the  specimens  during  their  contacts  with  the  melt 
(from  1  to  50  h)  and  by  anodic  gaivanostatic  polarization 
curves,  which  were  obtained  in  real,  at  ion  to  the  chlorine  re¬ 
ference  electrode. o 

V.e  have  found-5  ,  that  when  the  water  vaper  pressure  in 
the  cell  is  lower  than  2,6*10^  Pa.,  aluminium  inter  rets  with 
the  hyo.ro lysis  products  of  the  l.i.Cd  me  I  t  and  aduixture-ions 
(  fe2^  ,/v1q2f  ahd  s.o. )  throgh  the  oxide  film  defects  jn  tne 

+  M  ~  l~iOh  +■  H‘~  t  (i ) 

■h  H  =  h  c'Ct  h  ‘/Z  tlz  (2  ) 

3tMCE  —  ZAP  +  AEC&z  (3) 

The  corrosion  current  density  of  aluminium  was  in  the 
range  of  ICT^g/cm^'n  in  these  conditions. 

•The  measurements  of  the  aluminium  corrosion  current 
density  were  carried  aut  in  the  cuaztz  ampuias  (ampula  volu¬ 
me  -  30  cm2;  melt  volume  -  5  cm5*)  at  the  partial  water  vapor 
pressure  higher  than  2,6*105?a. 

The  preliminary  prepared  LiC£-&C£  mixture  and  i\t  speci¬ 
men  were  placed  into  the  ampula. 

It  was  evaluated  upto  the  residual  pressure  10“  -10“^?a. 

Then  the  definite  quantity  of  water  w as introduced  into 
the  ampula  and  it  was  soldered.  It  was  heated  for  lOh  at 
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constant  temperature.  The  colded  ampula  was  immersed  into 
the  distilled  water  and  broken.  The  solutionof  the  eutectic 
LiCZ-jtCZ  after  the  experiments  contained  a  white  powder. 

Th e ion  concentration  and  pH  were  determined  in  the  filt¬ 
rate.  The  white  powder*  contained  and  a  small  portion 

of  UAZsOt  .  The  M**  ion  concentration  was  negligible  in  the 
filtrate.  pH  of  the  filtrate  was  5 » 5-6,0  and  the  same  acidity 
of  the  LtCi-Kce  solution  was  registered  before  the  experiment 
To  determine  the  corrosion  rate  of  only  with  water  (without 
LCZ-KCZ  melt),  the  A?  sample  and  a  certain  quantity  of  water 
were  sealed  into  the  ampula  and  heated  lOh  at  constant  tem¬ 
perature.  The  experiment  showed  that  the  weight  change  of  the 
sample  was  in  the  limits  of  the  accuracy  of  weighting. 

The  dependence  of  the  AZ  weightlosses  on  the  water  va¬ 
por  pressure  is  shown  in  Fig. 


rig.  The  dependence  of  aluminium  weightlosses  on  the 
water  vapor  pressure 

1-pH;  i -weightless  of  the  samples,  mg. 

The  analysis  of  the  results  showed  that  the  aluminium 
interacts  withe  the  LiCP-  kC  Z  melt  at  the  water  vapor  pressu¬ 
re  higher  than  2,6* 103 Pa  in  the  following  way: 

LiOt+  Hz0  =  LiOH+  HCZ 
<l(\Z+6HCZ  ^ZAZC&SHz  (5) 

2  a  eee*+3Hzo  =Ae2G5+s>ict  co 

5 AP 2  0b  ~+2Li Ott -2 Li /J £> 03 i- Hz 0 


?  <\1 
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Ihus,  j-APiO}  and.  Li AdsOs  are  products  of  the  AE  interaction 
ith  the  LiCg-KCP  melt  at  the  water  vapor  pressure  from 
, 6.103  to  15.103 4 5?a. 
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A  GENERALIZATION  OF  THREE  POINT  METHOD 
GABRIELE  ROCCHINI 

Italian  Electricity  Board,  Milan  (Italy) 


A  comparison  between  the  values  of  the  corrosion  rate  of  a  metal,  determined 
by  electrochemical  or  direct  technique,  shows  that  the  two  determinations  can 
be  generally  different  even  if  in  some  case  this  difference  is  negligible.  On 
the  basis  of  this  experimental  evidence  one  can  ask  if  an  approximate 
evaluation  of  the  corrosion  current  density  is  more  convenient  than  the 
numerical  analysis  of  the  polarization  curve. 

The  three  point  method,  suggested  by  Barnatt  and  modified  by  Le  Roy,  seems 
co  have  the  previous  property  when  it  is  utilized  with  Stern  and  Geary  equa¬ 


tion  Ic=l /  (  Rp(a  +  6)  ] 


or  Ic  3 


»AE  [ 

i(AE)  AE  d(AE ) / 

“  AE2 


[  (AE^-AE])  (a+0)  ]  . 


The  polarization 
n  n 


Rp  - 


AEj'-/ 


J  =  1 


resistance,  Rp,  can  be  calculated  by  the  equation 
i j AE j .  A  useful  application  is  afforded  by  the  screening 


of  Che  inhibitor  effectiveness  of  some  organic  components  and  on-line 
monitoring  of  corrosion  rate  of  a  metal.  In  both  cases  the  main  goal  is  to 
have  an  idea  of  the  entity  of  the  corrosion  process.  This  point  of  view  is 
supported  also  by  the  theory  of  error  propagation,  even  if  in  principle  the 
tvc  methods  have  been  suggested  for  the  purpose  of  determing  the  corrosion 
current  density. 

Iri  the  following  paper  the  author  gives  a  new  version  of  the  two  method 
chat  are  based  on  the  equations 


i 

i 


2 

3 


-exp(2ctAE) 


exp(ciAE) 


i 

(Barnatt) 


1  2 
t  =  -exp(cxAE)  (- —  -  exp(aAE)) 

l3 


(Le  Roy) 


The  three  points  are  chosen  in  the  following  way:  ij»i(AE),  i  2 =  i  C  2/'  E )  and 
i  3  =  i  t  —  2  2-E  3  (Barnact)  and  i|  =  i(AE),  i2(2^E)  and  i  3=  i  ( —  Ae  )  (Le  Roy). 

The  advantage  of  this  formulation  is  given  by  the  removal  of  the  complex 
roots  that  can  be  present  in  the  original  suggestion.  It  is  well-known  that 
the  original  versions  are  based  on  the  solution  of  a  second-degree  equation. 

The  inadequancy  of  the  model  is  given  by  the  following  conditions  (u,ii)<0 
or  (  u , a ) >  I  because  1  and  a  are  always  positive  and  less  than  one.  It  is  very 
important  to  underline  that  the  missing  representation  of  the  polarization 
curve  in  the  vicinity  of  the  mixed  potential  can  be  ascribed  to  the  reciprocal 
position  of  the  three  points  and  not  to  the  physical  law  that  governs  the 
electrochemical  system. 


This  hypothesis  can  be  verified  by  the  NOLI  method,  which  gives  the 

electrochemical  parameters  Ic,ae  ,1  of  the  current-voltage  characteristic  i“Ic 
[exp(oAE)-exp(-0£E )  ]  for  a  system  under  activation  energy  control. 

The  generalization  of  the  two  previous  equations  is  given  by  the  functions 
G  and  Gj,  defined  as 

-  f '  I  ^  *|  ^ 

O  :  |J  !  -explaAE  J(i2j/i,j-exp(aAEj)  J  (Barnartt) 

j  =  ' 

n  r  ' .  .  !  i 2 

and  G  *  V  i  i  i  .  / i 3  .  -exp  (ciAE  . )  ( i9  .  /  i .  .  -exp  (<*Ae  . )  (Le  Roy) 

1  L  J  J'  J  “J  'j  J  J 


In  this  case  the  value  of  a  is  obtained  by  the  search  for  the  minima  of  G 
and  G  |  . 

However  this  new  formulation  of  the  three  point  method  has  some  limits 
imposed  by  the  shape  of  the  .two  functions,  G  and  Gi,  which  are  a  linear 
combination  of  the  constituent  equations.  But  when  the  model  is  successful, 
there  is  a  considerable  advantage  with  the  NOLI  method  because  in  the  present 
case  we  have  only  an  unknown  parameter. 

The  three  point  method  with  Barnatt's  selection  criterion  was  applied  to 
the  study  of  the  behaviour  of  ARMCO  iron  in  H2SO4  solutions  at  different  pH 
values  and  at  25°C.  The  results  obtained  are  shown  in  table  I  together  with 
tile  NOLI  analysis.  All  the  polarization  curves  are  of  the  gal vanostat ic  pulse 
type  and  the  zero  of  the  function  has  been  determined  numerically  with  the 
dichotomic  method,  fable  i  shows  that,  the  values  of  thq  parameters,  ba,  bc  and 
Ic,  do  not  change  practically  with  the  choice  of  the  initial  value,  E. 

Furthermore  mere  is  a  good  agreement  with  the  NOLI  analysis,  which  was 
ratr^-d  out  on  the  interval  [  -60,60  j  mV.  All  the  results  are  referred  to  the 
polarization  turves  corrected  for  the  ohmic  drop.  For  a  correct  application  of 
the  selection  criteria  recourse  was  had  to  .the  best-fitting  of  the 
experimental  point  with  INTER  I  code.  The  application  of  Le  Roy's  scheme  gave 
the  fame  results.  Table  2  shows  some  results  of  the  application  of  the 
function,  G,  to  the  sane  systems.  The  quantity  of  the  third  column  Ic  has  been 
ra'.iluted  with  the  integral  formulation  of  the  polarization  resistance,  Rp, 
on  u..e  interval  [  -10,  10  ]  mV.  The  values  obtained  are  quite  close  to  that  of 
table  I.  This  good  agreement  is  due  only  to  the  experimental  technique  used 
for  carrying  out  the  polarization  curves,  which  in  the  present  case,  gives  a 
current-voltage  characteristic  very  near  to  the  ideal  one.  However,  it  is  not 
a  common  charac ter i st ic  of  all  the  electrochemical  systems  and  in  the  case  of 
H-.SOj,  IN  *  R0D1NE  92A  0.5  cc/1  at  75°C  we  had  ba=l96  mV,  bc  =2  8 1  mV  and  IC*II6 
p.lrcT  A  For  the  same  svstem  NOLI  gave  ba=l20mV,  bc=108mV  and  Ic=»  56  pAcm"^. 

Another  application  concerns  the  system  HC1  IN  +  BORG  P16  0.1  cc/1  at  75°C. 
The  results  of  the  present  method  were  ba  =  1 8 9  mV,  bc-540  mV  and  IC=I34 
uAcrr.~2;  on  the  othc-r  hand,  NOLI  gave  ba»l35  mV,  bc=l99  mV  and  I0  =  73  pAcm-^. 
Ail  the  calculations  were  carried  out  considering  the  following  initial  values 

IE  :  .i,E  *  U  mV,  AE  =  6  mV',  AE  =  6  mV,  /,E  *  i2  mV  and  aE  “  19  mV.  Therefore, 
tiic  values  of  the  electrochemical  parameters  are  referred  to  16  experimental 
points.  Tuts  is  very  important  because  the  information  provided  by  the  old 
met. nod  is  ot  a  local  type  while  its  generalization  can  give  a  global 
indication  with  a  suitable  choice  of  the  number  of  experimental  points. 
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HOT-WATER  HYDRATION  OF  POROUS  ANODIC  OXIDE  FILMS  ON  ALUMINIUM 
—  ANALYSIS  OF  FILM  STRUCTURE  BY  ANODIC  POLARIZATION. 

M.  Koda,  H.  Takahashi  and  M.  Nagayama 

Faculty  of  Engineering,  Hokkaido  University,  Sapporo,  Japan 


When  porous  anodic  oxide  films  formed  in  acid  solutions  are 
immersed  in  hot  water,  they  undergo  reduction  in  porosity  and 
show  improved  corrosion  protective  abilities.  This  has  been 
ascribed  to  plugging  of  the  pores  with  hydrous  oxide  produced 
by  the  reaction  between  the  oxide  and  water,  and,  for  this 
reason,  the  process  is  often  called  'sealing1.  This  investi¬ 
gation  was  undertaken  to  examine  the  sealing  process  by  an 
anodic  polarization  technique,  following  the  previous  analysis 
with  gravimetric^-)  and  impedance^)  data. 

Porous  oxide  films  were  formed  on  pure  Al  specimens  by  applying 
a  const,  c.d.  (ia)  of  10  ma/crr."  for  different  periods,  ta,  in  a 
2%  oxalic  acid  solution  at  30°C,  the  anod;  .ng  voltage  was  con¬ 
stant  at  Ea=41V.  The  formed  films  have  the  pore-diameter  (2r) 
of  36  run,  pore-wall  thickness  (6)  of  38  nm,  and  the  porosity 
(a)  of  0.10,  irrespective  of  ta.  The  total  film  thickness  (H) 
increases  linearly  with  ta  at  a  rate  of  0.27Mm/min.  After  ano¬ 
dizing,  the  specimens  were  hydrated  in  hot-water  at  99.5°C  for 
different  periods  (th),  and  then  transferred  into  a  0 . 5M 
H i BO 3 - 0 . 0 5M  Na23,}07  solution  (20°C,  pH=7.4)  to  follow  the  re¬ 
anodizing  voltage  (Vr)  at  ir=0.5  ma/cm-2  for  different  periods 
(tr). 

Fig.  i  shows  Vr-tr  curves  obtained  for  ta=2  min  films  hydrated 
for  different  t^n.  The  curves  consist  of  two  straight  line 
portions  having  slopes  of  nox  (initial)  and  m^v  (later).  The 
initial  portions  coincide  irrespective  of  t-n,  but  the  later 
portions  shift  downward  as  the  knee  point  voltage  (V0)  de¬ 
creases  with  eft.  A  straight  line  with  slope  ma  is  obtained  for 
specimens  without  hydration  it^-0;,  ana  a  broken  straight  line 
with  slope  m2  is  obtained  for  specimens  from  which  all  oxide 
film  is  removed  by  acid  dissolution.  Fig.  2  shows  V^-tr  curves 
measured  for  specimens  formed  for  different  times  (ta=l  to  1C 
run)  and  hydrated  for  tv,  =  10  min.  For  ta=3  to  10  min  films, 
only  the  initial  portions  with  mox  arc  observed .  The  second 
portion  of  the  curve  appears  an  ta  decreases  below  3  min,  and 
fvr  tas<l. 5  xin,  only  the  second  portion  of  the  curve  (slope 
m h )  is  wbsc r ved . 

According  to  a  previous  investigation^ ) ,  the  changes  in  the 
film  structure  by  hot  water  treatment  is  shown  schematically  j n 
Fig.  3.  Dekker  and  MiddelhoekJ  ’  suggested  that,  wheii  ir  is 
applied  to  anodized  but  not-nvdrated  specimens  (Fig.  3,  a), it 
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is  carried  by  the  movement  of  Al^+  and  02-  across  the  barrier 
layer  to  form  new  oxide  at  the  oxide/solution  and  oxide/metal 
interfaces.  Thus,  pores  in  the  oxide  are  gradually  filled  with 
new  oxide.  They  considered  that  the  increase  in  the  voltage, 
vr ,  reflects  the  increase  in  the  barrier  layer  thickness  and 
the  knee  point  appearing  in  the  Vr-tr  curve  corresponds  to  the 
completion  of  pore-filling.  Based  on  their  theory,  the  trans¬ 
port  number  of  Al^+  in  the  barrier  oxide  is  expressed  by 

TAi3+  =  a(l-mi/m2)  /  (l-a)m2/m1  (1) 

where  a  is  the  porosity  of  oxide,  m]_  and  m2  are  the  slopes  of 
the  Vr-tr  curves  for  specimens  with  and  without  oxide.  The 
value  of  TA]_3+  estimated  in  our  previous  work  is  0.403). 


Now,  when  ir  is  applied  to  the  hydrated  specimen  (Fig.  3,  b) , 
pore-filling  proceeds  in  two  steps;  (a)  the  formation  of  voids 
due  to  dehydration  of  hydrous  oxide  and  (b)  the  filling  of 
voids  with  new  oxide1 2 3 4) .  The  volume  ratio  of  the  voids  in  the 
film  is  considered  to  be  the  same  as  a=0.1.  Replacing  m^  with 
mox(=0-76  V/sec)  in  Eq. (1)  and  using  m2  (=0.24  V/sec),  we  ob¬ 
tain  T^i 3+=  0 . 24  .  (This  value  is  considerably  smaller  than  that 
obtained  with  non-hydrated  specimens.)  The  knee  point  of  the 
Vj—tj:  curve  corresponds  to  the  completion  of  pore-filling  up  to 
the  thickness  Hqx  where  the  pore-wall  is  remaining  (Fig.  3,  b) . 
HqX  is  calculated  using 

ir.tp.MAi2o3 

Hox  =  kVp - £(1_Ta13+) 

nF<50x 


Here,  Vp  and  tp  correspond  to  the  knee  point,  k(=1.3  nm)  is  the 
thickness/voltage  ratio  and  &ox(-2 .93)  is  the  density  of  the 
formed  oxide,  n=6  is  the  number  of  electrons  associated  with 
the  formation  of  AI2O3,  MAq203-jLS  the  molecular  weight  of  AI2O3, 
and  Tai3+  is  0.24.  The  first  term  on  the  right  side  of  the 
equation,  kVp,  is  the  barrier  layer  thickness  at  tp.  Subtrac¬ 
tion  of  the  second  term,  the  thickness  of  the  barrier  layer 
formed  by  the  migration,  gives  Hox*  Hox~th  relationships 
ootained  by  the  polarization  method  for  ta=2  min  films  with 
hydration  for  different  times,  t^,  is  shown  in  Fig.  4.  The 
result  is  in  good  agreement  with  that  calculated  from  the 
gravimetric  data  reported  already-^. 
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EFFECT  OF  METALLOID  ELEMENTS  ON  THE 
CORROSION  BEHAVIOR  OF  Fe  BASE  GLASSY 
ALLOYS 

M.  JANIK-CZACHOR 

INSTITUTE  OF  PHYSICAL  CHEMISTRY, 
POLISH  ACADEMY  OF  SCIENCES, 

WARSAW,  POLAND 


The  effect  of  substituting  Si  for  B  in  families  of  the  glassy  alloys 
Fe-B  and  Fe-Ni-8  on  their  electrochemical  behavior  has  been  investiga¬ 
ted  in  solutions  with  pH  ranging  from  4  up  to  8.4.  Effect  of  substi¬ 
tuting  P  for  B  in  an  alloy  has  also  been  studied.  It  has  been  found 
that:  Si,  when  substituted  for  B  in  Fe-B  glassy  alloys,  brings  about 
the  following  cnanges  in  their  electrochemical  reactivity:  improves 
their  ability  to  passivate,  extends  the  otherwise  narrow  range  of 
their  stable  passivity  in  borate  buffer  solution  thus  eliminating 
localized  corrosion,  when  the  Si  content  attains  12X  at.,  oecreases 
their  susceptibility  to  localized  corrosion  in  chloride  or  sulphate 
containing  solutions.  Si,  when  substituted  for  B  in  Fe-Ni-B  glassy 
alloys,  exhibits  only  a  minor  effect  on  their  anodic  behaviour  in 
buffered  aqueous  solutions.  However,  it  distinctly  improves  their 
resistance  against  chloride  or  sulphate  attack.  XPS  -'’lysis  sug¬ 
gests  that  at  Si <1 21 ,  silicates,  and  at  Si  ^12%,  silicon  oxides,  are 
the  main  components  of  the  passivating  film.  The  oxides  efficiently 
counteract  the  detrimental  effect  of  boron  compounds  in  the  film  and 
provide  a  much  better  protection  to  the  metal  substrate  than  the 
silicates. 

P  when  substituted  for  B  in  the  Fe-B-Si  alloy  improves  dramatically 
its  ability  to  passivate;  reducing  its  critical  c.d.  for  passivation 
and  c.d.  within  the  passive  region.  It  is  not  clear,  however, 
whether  the  beneficial  influence  of  P  in  this  case  is  only  due  to 
eliminating  the  detrimental  B  or  also  due  to  improving  the  protective 
ability  of  the  film  by  the  presence  of  P-containing  compounds  there. 
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STAINLESS  STEELS  WITH  .ALUMINIUM  AND  SILICON  /ADDITIONS  : 
PREPARATION,  METALLOGRAPHY  AND  PITTING  CORROSION  STUDY. 


L.  GRAIL LOT  and  R.  REICH 

Laboratoire  Physique  des  Solides,  bat.  510,  L'niversite 

and  C.  FIAUD 

Laboratoire  "Corrosion"  ENSCP ,  11  rue  P.  et  M.  Curie, 


Paris-Sud  91405  Orsay 
75005  Paris  (France) . 


Introduction  -  Chromium  is  one  of  the  most  important  alloying  elements  used 
in  scainless  steels.  Indeed,  it  produces  an  extremely  thin  (10-100  A),  dense 
and  adherent  oxide  film  (0^03)  which  protect  the  steel  from  corrosion.  How¬ 
ever,  chromium  is  a  strategic  element  and  its  content  lowering  in  scandard 
austenitic  stainless  steels  ( 1 8%Cr* 10%Ni)  should  be  suitable  as  shown  by 
Stephen:-  M).  This  paper  describes  on  the  one  hand  the  preparation  of  marten¬ 
sitic  steel  alloys  (where  Al  and/or  Si  are  added  in  order  to  increase  the 
chromium  equivalent  contenc)  and  on  the  other  hand  the  pitting  corrosion 
resistance  of  these  new  synthetic  alloy  grades. 

A.loy  steel  preparation  -  Two  synthetic  alloy  grades  based  on  i3ZCr  +  lOtMi 
-  0.0%. 1C  martensitic  scainless  steels  (labelled  A/^)  are  prepared  :  the  first 
croup  by  addition  of  Al  or  Si  and  the  second  group  with  both  elements .  These 
various  grades  ate  named  Ai j  (i  »  "Al  and  ;  »  %Si)  and  their  -trtisical  ana¬ 
lyses  are  giver,  in  the  Table  1.  At  the  me  i  ting  point  of  stairi.es*  steals  i'n 
!40DSC) ,  the  liquid  Al  shows  high  vapour  pressure,  light  weight  and  low  vis¬ 
cosity.  Hence,  to  avoid  its  volatilization,  a  levitation  induction  melting 
under  pure  argon  (I  bar  pressure)  is  used.  Moreover,  1  new  alloying  method 
is  proposed  :  the  bits  of  Al  (or  Si)  are  squeezed  in  the  blind  hole  of  a 
stainless  steel  "crucible"  clocked  up  with  a  screw  plug  of  the  same  matrix 
material.  To  avoid  the  melted  Al  throwing  up  through  the  chead  under  the 
arciiimedean  upthrust,  cne  tirst  melting  operation  in  the  case  of  single  ele¬ 
ment  auditions  (2*A1  or  2"Si)  is  carried  out  with  the  screw  plug  pointed 
downwards.  The  electromagnetic  forces  (H.F.  field  and  eddy-current  interac¬ 
tions)  provide  a  stirring  in  the  molten  bath.  Tut.  or  three  such  levitation 
meltings,  cacti  of  them  followed  by  a  quenching  (alloy  contact  with  the  water 
cooled  hearth  after  H.F.  switching  off),  provide  very  homogeneous  alloys. 

In  the  case  of  a  binary  addition,  1  ft  A  L  +  ITSi  or  2TA1  +  17,Si,  the  alloying 
process  is  different.  Its  first  stage  is  an  induction  pre-melting  of  "sana- 
wicnes"  of  Si  and  Al  bits,  set  between  stainless  steel  plates.  The  induction 
roil  is  passed  along  tnis  charge  puc  on  a  cold  horizontal  copper  crucible, 
la  the  second  stage,  the  cut-off  rounds  from  the  resulting  alloy  bar  are 
melted  in  the  above-roentionned  levitation  crucible  to  obtain  the  suitable 
homogeneity . 

ileat  treatments  -  Three  typical  heat-treatments ,  labelled  I,  II  and  III, in¬ 
clude  a  common  stage  numbered  (Jj  consisting  of  a  1 700 °C  isothermal  annealing 
followed  by  a  chilled  water  quenching.  It  is  the  heat-treatment  "I"  which 
.notices  homo gene i tv  and  retains  austenite  (Fig.!).  In  the  second  treatment  II, 
■arbide  precioitatirn  ana  intermetal  lie  compounds  occur  because  ot  a  low  rate 
.coring:  15  hours  from  1 lOG’c  to  room  temperature,  stage  (T}  . In  the  third 
treatment  III,  an  annealing  ac  10!uJ7  and  a  tempering  at  6iX)*C,  each  of  them 
'ell. wed  bv  a  chilled  water  quenching,  stages (7)  and  @ .there  is  the  redis- 
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solution  of  carbides.  The  carbon  concent  differences  for  a  given  alloy  grade 
after  the  various  heat-treatments,  varies  from  10  to  180  p.p.m. (table  1). 
Metallography  and  pitting  corrosion  study  -  The  corrosion  potential  Ef  and 
che  pitting  potential  EQ  vs.  SCE  are  determined  from  anodic  polarization 
curves.  The  conditions  ot  our  potentiodynamic  studies  are  :  stirred  and 
deaerated  wt  3%  N'aCl  solutions,  25°C,  mechanically  polished  samples  on  600 
carborandum  paper  and  no  cathodic  prepolarizacion.  After  the  working  (alloy 
steel)  and  che  auxiliary  electrodes  have  been  connected  during  30  minutes  to 
reach  the  equilibrium,  the  circuit  is  open,  Ec  is  measured  and  then  the  poten¬ 
tial  is  swept  in  the  anodic  direction  with  a  rate  of  0.83  mV/s  up  to  the  cell 
current  density  eo.ua!  to  10.10"^  A.cm-^.  The  corresponding  anode  potential 
defines  E3 .  Because  of  che  well-known  scattering  of  experimental  data,  each 
cest  oust' be  repeated  15  cimes  and  hence  a  average  value  of  Ep  is  obtained. 
The  choosen  significant  parameter  characterizing  the  localized  breakdown  of 
the  surface  oxide  film  is  the  potential  difference  :  AE  ■  Ep-Ec .  The  discre¬ 
pancy  resulting  from  surface  heterogeneities  equals  r  15  mV.  The  influence 
of  cur  different  heat-treatments  on  the  potential  difference  A£  is  schemati- 

j  zed  in  fig. 2.  After  the  treat- 
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the  same  potential  range.  Such  similar  corrosion  behaviors  show  the  decrease 
if  Cr  eq  influence  (fig. 4).  The  carbide  precipitation  and  che  rejection  of 
mere  intermetallic  compounds  reduce  che  Al ,  Si  and  Cr  contents  in  the  matrix 
anc  nence  a  less  corrosion  resistance  of  2ZA1  alloys  is  observed.  On  the  con¬ 
trary,  the  raise  of  the  retained  austenite  content  in  the  2CS1  alloy  gives 
a  corrosion  resistance  Lr.crease.  In  the  binary  alloys,  these  two  opposite 
phenomena  counterbalance  each  ocher.  The  last  treatment  III  dissolves  the 
carbides  and  produces  a  more  or  less  redissolution  of  intermetallic  compounds. 
The  resulting  higher  Al  and  Si  contents  ir.  solid  solution  within  the  matrix 


absirved  for  the  binarv  allovs  { A ■ 


i)  shift  the  corrosion  resistance 


rn  the  noble  direction  contrarv  to  the  phenomenon  observed  for  the  C”A1 


allov  (A ->(->) and  the  matrix  A, 


Lnieed,  in  these  two  last  grades,  the  treat¬ 


ment  III  reduces  the  retained  austenite  content  which  decreases  the  corro¬ 
sion  resistance. 

Cane i us  ion  -  The  figure  2  shows  that  less  strategic  elements,  such  as  Al  and 
t L  elements,  can  be  substituted  for  part  of  tne  Cr  (in  fact  by  additions  of 
tr.ese  elements  in  martensitic  !3CCr  *  10%Ni  stainless  steel  alloys)  without 
ie  tracing  the  corrosion  resistance  relative  to  an  ordinary  austenitic.  I8%0r 
♦  iJCh'i  alloy  (type  304SS;,  if  che  special  heat  treatment  Til  is  applied. 


!)  J.?..  Stephens  and  C.A.  Barret,  N'.A.S.A.  Technical  Note  D-8459  (1977). 
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INFLUENCE  OF  MINOR  ALLOYING  ELEMENTS  ON  PASSIVATION 
BEHAVIOR  OF  IRON-CHROMIUM  ALLOYS  IN  HC1 


R.  Goetz,  J,  Laurent,  D.  LANDOLT 
Materials  Department 

Swiss  Federal  Institute  of  Technology 
CH- 100  7  Lausanne/Switzerland 


INTRODUCTION 

The  corrosion  resistance  of  stainless  steels  is  intimate¬ 
ly  related  to  their  passivation  behavior.  Generally,  the 
higher  the  chromium  content  the  more  passivation  is  facili¬ 
tated  and  chemical  stability  is  improved.  Other  elements  are 
usually  added  to  modify  structure  and  mechanical  properties  of 
the  alloys  and/or  to  increase  corrosion  resistance. 

In  our  laboratory  the  reaction  mechanism  by  which  molyb¬ 
denum  improves  the  corrosion  resistance  of  iron-chromium 
alloys  in  chloride  media  is  being  studied  by  electrochemical 
and  surface  analytical  techniques  [  1  —  3  J .  In  this  context  it 
was  considered  of  interest  to  compare  the  effect  of  alloyed 
molybdenum  with  that  of  other  metals  such  as  tungsten,  vanadi¬ 
um  and  silicon  that  might  exhibit  similar  behavior.  For  that 
purpose,  these  elements  were  alloyed  to  binary  Fe-Cr  alloys  in 
equal  and  relatively  high  atomic  concentration.  Indeed,  a 
comparison  of  the  effect  of  different  alloying  elements  must 
be  done  based  on  equal  value  of  atomic  rather  than  weight 
percent  because  large  density  differences  between  different 
alloying  elements  may  otherwise  lead  to  wrong  conclusions.  The 
use  of  a  relatively  high  concentration  is  indicated  to  improve 
the  signal  to  noise  ratio  of  surface  analytical  measurements. 


EXPERIMENTAL 


All  studies  were  carried  out  with  rotating  disk 
electrodes  of  0.1  cm2  (diameter  0.357  cm)  insulated  with  a 
PTFE  shrinkable  tubing.  Experiments  were  performed  at  6000  RPM 
in  1 M  HC1  at  25  °C  under  nitrogen  atmosphere. 

The  V  containing  electrodes  were  analysed  by  Auger  depth 
profilinq.  For  this  they  were  held  at  a  constant  potential  in 
the  active  (a)  at  -300  mV  she,  the  low  passive  (pi)  at  +200  mV 
or  the  high  passive  (ph)  potential  region  at  +950  mV, 
respectively. 


carried 
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RESULTS 

Among  the  pure  alloying  metals  studied  only  Cr  exhibits 
an  active-passive  transition,  Mo,  W,  V  being  spontaneously 
passive  in  1M  HC1. 

The  binary  Fe-13Cr  alloy  in  1M  HC1  undergoes  uniform 
active  dissolution  but  addition  of  Mo,  W,  V  or  Si  leads  to  an 
active-passive  transition.  All  alloys  exhibit  pitting  with  the 
pitting  potential  increasing  in  the  order  W<Si<V<Mo.  The  order 
of  the  pitting  potentials  of  the  different  alloys  is  indepen¬ 
dent  of  the  relative  magnitude  of  the  passivation  current 
density. 


The  binary  Fe-24Cr  alloy  exhibits  passivation  and 
pitting.  Adding  approx.  6  at  %  of  Mo,  W  or  V  lowers  the  passi¬ 
vation  current  density,  the  effect  of  V  being  less  pronounced 
than  that  of  w  and  Mo.  Mo  pitting  occurs  with  these  alloys, 
the  range  of  stable  passivity  extends  up  to  the  potential  of 
transpassive  Cr  dissolution.  Alloying  of  Si  leads  to  a  similar 
transpassive  behavior  but  in  the  active  and  beginning  passive 
potential  region  measured  currents  are  substantially  higher 
than  with  the  other  alloys  and  the  passivation  current  density 
exceeds  even  that  of  the  binary  Fe-24Cr  alloy. 

Auger  depth  profile  analysis  shows  that  in  the  passive 
potential  region  Cr  is  enriched  in  the  anodic  film.  With 
increasing  potential  this  enrichment  becomes  more  pronounced. 
The  same  behavior  has  previously  been  observed  on  Mo  contain¬ 
ing  alloys.  Because  of  the  unfavorable  signal  to  noise  ratio 
the  V  Auger  profiles  are  less  certain.  Active  dissolution 
apparently  does  not  lead  to  any  substantial  change  in  the  V 
surface  concentration  with  respect  to  the  reference  contrary 
to  the  behavior  of  Mo  and  W.  In  the  passive  potential  region 
the  outermost  atomic  layers  of  the  oxide  film  are  apparently 
depleted  in  V  in  both  the  passive  low  (200  mV  (she))  and 
passive  high  (950  mV  (she))  potential  region.  The  beneficial 
action  of  the  presence  of  V  on  pitting,  therefore,  cannot  be 
explained  by  enrichment  of  the  film  with  this  element. 
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ELECTROCHEMICAL  BEHAVIOR  OF  A 1 MnFe  INTERMETALLICS 
IN  ALKALINE  SOLUTION 
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Department  o f  Industrial  E 1 ec t r ochero i st r y ,  Norwegian 
Institute  of  Technology,  N-7034  T rondhe 1 m-NTH ,  Norway 


Iron  containing  intermetal  lie  phases  play  a  significant  role 
in  the  pitting  and  other  forms  of  localized  corrosion  of 
aluminum  alloys.  These  phases  are  normally  more  noble  than 
the  surrounding  matrix  alloy,  and,  as  a  result,  they  act  as 
tne  local  cathodes  in  a  corrosion  process.  The  fact  that 
AIM n  alloys  have  a  good  resistance  to  pitting  is  related  to 
the  ireterice  of  i  n  t  erme  t  a  1  1  i  c  B  in  the  AlMnFe  series,  which 
are  less  effective  cathodes  than  the  binary  Al3Fe  phase  and 
phases  .  tr.e  AlFeSi  se-ies  commonly  found  in  commercial 
aluminum  alloys.1  The  amount  of  Information  available  about 
the  e 1 ec t r oc hem i ca 1  properties  of  the  AlMnFe  series  is  very 
limited.*  As  cathodes  in  an  actual  corrosion  situation,  the 
surfaces  of  these  phases  are  expected  to  be  at  a  somewhat 
higher  pH  than  the  bulk  of  the  solution.*  It  is  of  interest, 
therefore,  to  investigate  their  electrochemical  behavior  in 
alkaline  solutions. * 

As  part  cf  an  effort  to  correlate  the  m i cros t r uc ture , 
electrochemical  behavior  and  corrosion  resistance  of  A 1 Mn 
alloys,  i ntermetal 1 ic  crystals  with  varying  Al,  Mn  and  Fe 
content  were  prepared  from  the  pure  components  by  controlled 
solidification  procedures.  Compositions  of  the  binary  phases 
were  found  to  agree  well  with  the  stoichiometric 
compositions  of  AlaFe  <40.7%  Fe )  and  Al«Mn  <25.3%  Mn )  (see 
t ad le  11.  The  phases  AlaFe(Mn>  and  Al«Mn(Fe)  were  prepared 
to  study  the  extent  to  which  small  additions  of  Mn  and  Fe 
affect  the  properties  of,  respectively,  A 1 3ft  and  A 1 ,Mn .  The 
electrochemical  behavior  of  these  crystals  were  investigated 
in  0.1N  NaOH  solutions  with  and  without  the  presence  of  Cl". 

Exposure  of  these  phases  to  0.1N  NaOH  solution  leads  to  an 
enrichment  of  the  more  noble  components  Mn  and  Fe  at  the 
surface  due  to  the  selective  dissolution  of  aluminum.  In  the 
case  of  the  binary  phases,  a  layer  of  pure  Mn  or  Fe  can  be 
formed.  The  enrichment  of  ternary  phases  with  Mn  and  Fe 
occurs  in  such  a  way  that  the  Fe/Mn  ratio  in  the  enriched 
liycr  appears  to  remain  unchanged  relative  to  the  ratio  in 
the  bulk  of  the  crystal  body  as  determined  by  X-ray  EDS 
analysis.  In  particular,  fa r  the  Al»Mu<Fe>  phase  maintained 
for  2  h  at  -1.7  V*c«,  the  enriched  surfaco  layer  was  found 
to  contain  21%  Mn  and  11.7%  Fo  amounting  to  an  enrichment  of 
these  components  by  about  a  factor  of  3 .  Interpretation  of 
the  electrochemical  data  hair,  to  be  performed  in  view  of  tn;.» 
su r f ac e  -  e n r l c hme n t  phenomenon. 


■  W*- 
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Fig.  1  thOHi  cyclic  potan  1 1  ody  nam  i  c  data  obtained  for  AlaFe 
and  AlaFe(Mn)  phases  in  0.1N  NaOH.  Analogous  data  tor  A 1 ®Mn 
and  Al«Mn(Fe)  art  given  in  tig.  2.  The  polarization  curves 
of  AlaFe  and  AlaFe(Mn)  are  characterized  by  several 
oxidation  and  reduction  peaks  as  can  be  visualized  clearly 
tor  the  AlaFe  phase  in  +ig.  1.  The  significance  of  these 
peaks  in  describing  the  selective  dissolution  mechanism  of 
aluminum  and  oxidation  and  reduction  kinetics  of  iron  and 
iron  oxides  on  an  Fe-enriched  surface  has  been  discussed 
a  1 sewhere . * • •  A  similar  analysis  for  the  A!»Mn  has  not  yet 
been  carried  out.  Nevertheless,  it  is  clear  from  these  data 
that  the  presence  of  even  a  small  amount  of  Mn  in  AlaFe  has 
an  appreciable  effect  in  reducing  the  rates  of  cathodic  and 
anodic  reaction  rates  in  general.  Conversely,  the  presence 
of  a  small  concentration  of  Fe  in  Al*Mn  depolarizes  the 
cathodic  reaction  to  a  significant  degree!  however,  its 
effect  on  the  anodic  behavior  is  much  less  pronounced.  A 
large  reduction  peak  A)  is  observed  for  Al*Mn(Fil 

wring  the  reverse  sweep  of  potential,  whereas  the  curve  tor 
Al.Mn  does  not  exhibit  a  similar  peak.  Iron  oxides  are 
expected  to  have  been  reduced  to  metallic  iron  at  potentials 
appreciably  mare  positive  than  the  potential  of  Peak  A." 
Therefore,  this  peak  rosults  from  a  super  1 mpos 1 1 1 on  of 
current  density  due  to  hydrogen  evolution,  catalyzed  by  an 
Fe-enriched  surface,  and  an  anodic  contribution  (Peak  B)  at 
a  more  negative  potential  due  to  selective  dissolution  at 
a  1  urn  1 num . 


The  presence  of  C 1 ~  in  0.1N  NaOH  solution  appears  to  reduce 
the  passivity  of  iron  oxides  in  general  on  an  Fe-enriched 
A1 jFe  (or  AlaFe(Mn))  surface  (fig.  3).  In  particular,  the 
chloride  Ion  affects  the  passivity  of  Fe30«  as  indicated  by 
a  significant  enlargement  of  Peak  3,  which  describes  the 
formation  of  an  Fea0w  bulk  layer  from  Fc(OH) a  and  metallic 
iron.'*  The  presence  of  Cl'  does  not  appear  to  have  such  a 
dramatic  effect  on  the  e 1 ec t r oc hem 1 ca 1  behavior  of  A  1 *Mn  and 
A  1 ,Mn (Fe )  . 

Th*  results  demonstrate  clearly  the  detrimental  effect  of  Fe 
in  catalyzing  the  cathodic  reaction  on  aluminum  base 
i n t ermet a  1 1 i cs .  The  chloride  in  the  environment  plays  an 
Indirect  role  by  accelerating  the  enrichment  of  Fe  on  these 
phases.  The  presence  of  Mn  is  instrumental  in  reducing  the 
rate  of  cathodic  reaction.  Manganese  also  reduces  the  rate 
o*  selective  dissolution  of  aluminum,  which  is  responsible 
far  the  enrichment  of  crystal  surfaces  with  iron. 
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Table  1. 

Composition  ot  i ntermetal 1 tc  phase*  in 
percent  a*  determined  by  quantitative 
anal ys i s . 

weight 
X-ray  EDS 

Phase 

A  1 

Fe 

Mn 

A  1  aF  e 

38. 8 

41 . 2 

_ 

A  1 3Fe <  Mn ) 

59. 8 

39. 8 

O.  4 

Al.Mn 

73.3 

~ 

26.3 

A  1 .Mn (Fe) 

72. 9 

3.6 

23.6 

— 

-  rt  i 

Hfr.’ln.  1 

t" 

i  A  * 

!«  '  ,! 


J, 


■S  -»J  0 


Fig,  1 .  Pot en t 1 od y nam 1 c 
polarization  curve*  tar  phase* 
A 1 »Ft  and  Al^FeiHn)  in 
deaerated  0.1N  NaOH  at  23“C  . 
Sweep  rate  -  120  mWmin. 


Fig. _ 2-  Potent i odynami c 

polarization  curve*  tor  phase* 
Al,Mn  and  A1 »Wn (re)  in 
deaerated  0.1M  NaOH  at  23**C. 
Sweep  rate  *  120  mV/min. 


Fig. _ 3 .  The  c+tect  at 

presence  ot  Q.1N  Cl"  in  0.1N 
NaOH  solution  on  the 
polarization  behavior  ot 
A  1 ,Fe. 
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THE  EFFECT  OF  DRAG  REDUCERS  ON  THE  INHIBITOR  EFFICIENCY 
AND  CORROSION  PROTECTION  IN  NON-AQUEOUS  MEDIUM 

P.KIRKOV,  T.ANOVSKI,  J.ARSOVSKI,  S. PEJOVSKI ,  J .  NAUMOVSKI , 
T.GRtEV,  Lj.ARSOV,  A.PRUSSI 

Center  for  Application  of  Radioisotopes  in.  Science  and 
Industry ,  Faculty  of  Technology,  University  " Kiril  and 
Metodij",  Skopje,  Yugoslavia 


Introduction 

The  effect  of  polymers  on  drag,  reduction  has  ecconomi cal 
importance  for  decreasing  the  cost  of  flow  transportation  espe¬ 
cially  petroleum  products ^ 

The  nature  of  polymers  drag  reducers  is  subject  of  many 
theoretical  Interpretations,  however  it  is  clear  that  presence 
of  polymers  effects  solid  (metal ) -liguid ( petroleum  white  pro¬ 
ducts)  interface  reducing  friction  more  probable  with  formation 
<a  vary  movable  inter  layer.  The  presence  of  surface  active  in¬ 
hibitors  influence  on  the  structure  of  the  metal-liquid  inter¬ 
face  and  effects  charge-mass  transfer  phenomena  (corrosion). 

The  subject  of  this  work  is  to  contribute  for  better  under¬ 
standing  simultaneous  effect  of  drag  reducers  and  inhibi tors  for 
optimal  corrosion  protection  and  drag  reduction . 

Experiment 

A  rig  system  presented  on  figure  1  has  been  used  for  semi¬ 
pilot  detrmination  effect  of  drag  reducers  and  inhibitors  on  the 
corrosion  rate  in  petroleum  white  pro  ducts : Gasoline , Keros i n  and 
Naphta,  with  concentration  of  moisture  (water)  from  O-saturation . 
Drag  reducers  poly-oxi,  oxi-celulose  and  polyamid  have  been  used 
in  concentration  from  0-100  ppm  and  two  types  of  diamin  inhibi¬ 
tors  in  concentration  from  0-250  ppm  (water  concentration  from 
0-  !  0  g / 1 ) 

The  correlation  between  flow  rate  and  pipeing  energy  has 
been  used  for  determination  drag  reduction  efficiency  with  and 
without  presence  of  inhibitors.  The  corrosion  rate  as  a  function 
of  flow  rate,  the  concentration  of  drag  reducers ,  the  concent  ra¬ 
tion  of  inh ibi tors  and  moistures  have  been  determined  by  surface 
po  py 1  at  ion  of  pits  on  polished  segmen ts  of  pipes  ad  j  us  ted  on  li¬ 
near  part  of  the  ring  system. ( f ig . 1 ) 

Result  and  discussion 

The  corrosion  rate  of  the  pipe  on  the  segment  of  the  rig 
system  without  drag  reducers  and  inhibitors  depends  from  the  moi¬ 
sture  (water)  concentration.  The  addition  of  the  drag  reducers 
increases  pipeing  efficiency  and  s lightly  decreases  rate  corro¬ 
sion.  However,  the  corrosion  rate  decreases  substantively  with 
increase  concentration  of  inhibitors  but  does  not  effect  pioeing 
energy  of  definite  flow.  The  simultaneous  adding  of  the  drag  re¬ 
ducers  and  inhibitors  have  double  effect  on  reduction  of  corro¬ 
sion  and  friction  (fig. 2).  There  is  optimal  concentration  between 
drag  reducers  and  inhibitors  for  the  corrosion  rate  protection 
and  friction  reduction.  This  relation  depends  on  structures  of 
polymers  and  slightly  from  the  nature  of  inhioi tors . The  substitu¬ 
tion  of  the  inhibitors  functional  group  m  the  nolecul  of  drag 
reducers  has  positive  effect  on  the  corrosion  reduction  (tab.!). 
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However,  efficiency  of  drag  reducers  of  s uch  s ubs ti tuate d 
polymers  depends  of  the  metod  of  s ubs ti t ut i on .  The  optimal  conce- 
t rat. on  of  drag  reducers  and  inhibitors  has  been  used  in  the  pi¬ 
peline  (6 5  km)  for  t r ans po rt at i on  petroleum  white  products  (Naph¬ 
ta  end  Korosia).  The  observation  of  the  rig  system  and  on  the  pi¬ 
pe  line  in  exploration  are  comparable.  Positive  aspect  of  simul¬ 
taneous  application  of  polymers  and  inhibitors  of  the  corrosion 
rate  and  friction  reduction  could  be  interpreted  cf  stable  inter¬ 
face  me t a  1 / fl u i d  protective  layer  preventing  charge  transfer  and 
c  ca.oc  go  er.t  ly  reduction  of  metal  oxidation. 

Table  1 

T.ffect  of  the  substituted  polymers  on  corrosion  rate 

reducti on 


type  of  the  su! 
tuted  sol umers 


Number  of  population 
of  substituted  functi¬ 
onal  groups  No.  of  h'U p / 
molecula  of  tolumers 


Protec ti j; 

e  f  f  i  ci  :<r  c. 

t.So  -  [..£ 

- - . 


.  :®r  ea tea  p o _  y ■ 
t-  r  s 


population  of  pits  without  substituents 
population  cf  pits  with  substituents 


■'“v.-vi! 


U  t  ' 


I*  .  ,*i  1  V-, 

I  *■  •• 
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ELECTROGENERATED  LUMINESCENCE  OF  TERBIUM  COMPLEXES 
ON  AN  ALUMINIUM  ELECTRODE 


j.  KANKARE.  K.  HAAPAKKA.  O.  PL'HAKKA  and  S.  KULMALA 
Department  of  Chemistry.  University  of  lurku.  SF-20500  Turku,  Finland 


Eiectrogenerated  luminescence  on  aluminium  electrodes  in  electrolyte  solutions 
has  been  known  already  for  about  10n  years.  The  phenomenon  has  been  a  subject 
nr  numerous  studies  during  these  years  but  generally  this  luminescence,  sometimes 
called  ..  •■nolurninescence.  has  been  regarded  as  a  scientific  curiosity,  affected 
by  iii  •  k-i  tried  surface  defects,  and  completely  without  applications.  However,  a 
few  years  ago  we  showed  that  cathodic  low-voltage  electroluminescence  is  very 
,-er.si to  trace  constituents  in  the  solution. *  By  using  forced  convection  with 
a  rotating  disk  electrode  (RDE)  the  elect r oluiTiinescenco  (EL)  measurements 

re  made  reasonably  reptuducib!  and  even  ouanttrativc  determination  of 
•••  me  trace  rr.etai  icnr-  can  be  effected"  '.  A  new  p)  in  the  develoP rr.cn t  is 
that  a. so  the  !u*r ine‘\-i-r."e  of  organic  compounds  can  be  excited  bv  electrolysis 
r.  on  ..iu  minium  electrode4.  A  special  core  of  this  phenomenon  is  the  ligand 
‘nhar.ro.i  lut.nr.  “sconce  t{  Terbium,  which  is  ir/eresting  firstly  because  verv 

c:.\e  and  censrive  tr.at.ncd  for  the  dot  a'mic.atior.  of  tertj.un  .tr.d/or  im  ligand 
can  t  .-  devised.  an  i  secondly  U  ••  oum  the  iummcscc-nce  system  gbw-s  some  clues 
-.0  toe  mechanism  of  ;fie  excitation.  Various  ligands  are  known  »o  he  effective 
n  ’he  energy  transfer  from  the  excited  state  of  the  ligand  to  terbium.  For  this 
.,  rk  f iron  ■  1 .2-dihvdro.'.yber’2er>e -3.5-diiui?onic  acid  sodium  salt)  was  chosen 
•.'.’.hough  some  preliminary  work  wrh  dipicolinic  acid  was  also  made. 

•  ne  e.vnerinent ll  arrangement  a  rotating  aluminium  electrode  was  used 

the  light  emission  from  the  electrode  surface  was  measured  using  an  interfer- 

.  2-5 

rrv  .  f.lt-r  1546  nm  •  and  photomultiplier  with  associated  •  :ectronics  .  A 
■  .ir,  ,-na!  tnree— tlectrcde  cel!  ;vas  used  with  a  Pt  counter  electrode  and  an 
\,. --SfcC!  reference  electrode.  Potassium  ;u  Irate  in  water  was  used  as  the  support - 

•■•ier:  •  rr '  e .  The  s  dut  ion  >  remained  also  potassium  peroxvdisuifate  and  they 

,  ,  „  .  .  ,  2-5 

ierat<*'l  with  t.r  rapure  nit  re  gen.  symmetric  rie-uoi-j  step  waveform  was 

:  :  t  r  o.\t  ration. 


CT.  10  6M 

Tb  -5 
C^,.  10  JM 

T  iron 

CK2S,Og  10~3M 
pH  7.6 
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Fig.l.  Luminescence  intensity  vs.  pulse 
amplitude.  Rotation  rate  1000  rpm, 
pulse  length  8  ms. 


-8  -7  -6  -5  -•? 

iogCTbJ 

Fig. 2.  Calibration  curve  for  Tb. 
Other  conditions  as  in  Fig.l. 


The  general  shape  of  the  EL  intensity  averaged  over  cathodic  light  pulses  as 
the  pulse  amplitude  is  rapidly  swept  from  0  to  8  V  is  shown  in  Fig.l.  A  sharp 
'prepeak"  is  observed  at  ca.  4  V  with  a  subsequent  more  gentle  slope.  After  the 
first  scan  the  position  and  height  of  the  prepeak  remain  fairly  constant  and 
reproducible.  The  pH  dependence  of  the  prepeak  is  very  complicated,  presumably 
partly  due  to  the  numerous  homogeneous  and  heterogeneous  protonation  equilibria 
prevailing  in  the  solution,  partly  due  to  the  complicated  adsorption  and  desorption 
kinetics.  However,  the  reproducibility  is  surprisingly  good  in  spite  of  the  hetero¬ 
geneous  nature  of  the  system. 

The  calibration  curve  for  terbium  (Fig. 2.)  Is  obtained  by  measuring  the  height 

of  the  prepeak  and  keeping  the  concentration  of  Tiron  constant.  As  can  be  seen, 

-9 

the  detection  limit  for  terbium  is  ca.  10  M  and  the  linear  range  is  at  least 
r h : ; -  orders  of  magnitude.  It  should  be  noted  that  this  may  not  be  the  ultimate 
limit  of  the  method,  because  no  effort  was  taken  to  optimize  the  conditions.  The 
main  limitation  is  the  background  luminescence  which  presumably  could  be  re¬ 
duced  try  varying  the  composition  of  the  solution  and  the  pulse  train  used  for  the 
excitation. 

The  necessity  of  peroxydisulfate  for  the  luminescence  shows  that  the  phenom¬ 
enon  bears  resemblance  to  the  well  known  EL  of  gallium  arsenide.  Presumably 
adsorbed  sulfate  mcnoanion  radical  is  formed  from  peroxydisulfate  during  the 
cathodic  pulse.  This  forms  a  trapped  exciton  with  an  electron  from  an  adsorbed 
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organic  donor  molecule  or  by  the  Schottky  emission  from  aluminium.  The 
recombination  energy  of  the  exciton  is  transferred  to  the  ligand  of  the  adsorbed 
terbium  complex.  The  pH  dependence  of  EL  and  that  of  the  adsorption  of  Tb- 
Tiron  complexes  resemble  each  other  which  supports  the  important  role  of 
adsorbed  species  in  the  electroluminescence. 
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DETERMINATION  OP  FLUORESCENT  COMPOUNDS 
BY  ELECTROLUMINESCENCE 

K.  h'AAPAKKA,  J.  RANK  ARE  and  0.  PCHAKXA 
Department  of  Chemistry,  Turku  (Finland) 


The  electrolytic  reduction  of  hydrogen  peroxide  and  per- 
oxodisulfate  in  an  aqueous  solution  at  an  oxide-covered  alu¬ 
minium  electrode  generates  light,  i.e.  electroluminescence.1 

2  3 

As  pointed  out  elsewhere,  *  numerous  metal  ions  at  trace  lev¬ 
el  catalyze  the  electroluminescence  induced  by  the  reduction 
of  hydrogen  peroxide  and,  furthermore,  this  catalytic  effect 
can  be  utilized  in  the  determination  of  metal  ion3  in  an  aque¬ 
ous  environment  even  at  the  level  10” 10  1,1. 

According  to  our  preliminary  measurements  with  the  per- 
oxodisulfate-induced  electroluminescence  at  the  anodized  alu¬ 
minium  electrode,  trace  metals  have  no  appreciable  catalytic 
effect  on  this  electroluminescence,  but,  interestingly,  these 
measurements  showed  that  numerous  organic  fluorescent  compounds 
capable  of  adsorbing  onto  the  surface  of  aluminium  oxide  en¬ 
hanced  drastically  thi3  luminescence. 

The  applicability  of  the  peroxodi sulfate-induced  electro¬ 
luminescence  on  the  determination  of  organic  fluorescent  com¬ 
pounds  in  aqueous  solutions  was  tested  by  using  salicylic  acid 
as  a  model  compound.  The  electroluminescence  measurements  were 
carried  out  at  a  rotating  oxide-covered  aluminium  disc  elec¬ 
trode  and  the  symmetric  double  step  waveform  shown  in  Figure  la 
was  used  to  generate  the  electroluminescence.  This  lumines¬ 
cence  in  0.1  I«i  sodium  acetate  at  pH  9.3  in  the  presence  of  sal¬ 
icylic  acid  is  presented  in  Figure  1b.  Figure  2  mows  the 
electroluminescence  intensity  as  a  function  of  the  pulse  am¬ 
plitude  of  the  symmetric  double  step  potential. 
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Figure  1.  (a)  jyaar.etric  doable  step  potential,  (b)  peroxodi- 

sulf ate-induced  electroluminescence,  conditions:  0.1  .M  sodium 
acetate,  pH  9.3,  pulse  amplitude  3-3  7,  pulse  length  12  ms, 

rotation  rate  of  electrode  1500  rpm,  scan  rate  of  pulse  am- 

-1  -3 

plitude  500  mV  3  ,  peroxodisulfate  concentration  1x10  M, 

salicylic  acid  concentration  1x1C“b  1.1,  solution  deaerated 
with  nitrogen. 

Figure  2.  Effect  of  pulse  amplitude  of  the  symmetric  double 
step  waveform  on  the  intensity  of  the  peroxodisulf ate-induced 
electroluminescence  in  the  presence  of  salicylic  acid,  condi¬ 
tions  as  in  Figure  1 . 


The  pulse  amplitude  and  pulse  length  of  the  symmetric  dou¬ 
ble  step  potential,  rotation  raxe  of  the  electrode,  scan  rate 
of  the  pulse  amplitude,  pH  and  peroxodisulfate  concentration 
were  optimized  for  the  determination  of  salicylic  acid  in  aque¬ 
ous  solutions.  Under  the  optimized  conditio-  •,  the  analytical 

curve,  i.e.  log  electroluminescent  intensity  vs  log  concentra- 

-d  -4 

tion,  is  linear  at  the  concentration  range  10  -  1 u  1  and 

eight  successive  measurements  for  5x10~°  V  salicylic  acid  gave 
a  relative  standard  deviation  of  5  /-• 

Taole  1  lists  the  relative  electroluminescence  intensi¬ 
ties  (ie^)  of  some  organic  compounds  out  of  34  tested  under 
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the  conditions  stated  in  Figure  1.  In  addition,  the  table  con¬ 
tains  the  relative  fluorescence  intensities  (I^)  and  percen¬ 
tile  adsorptions  onto  ^-aluminium  oxide  of  these  compounds  un¬ 
der  the  same  conditions. 


Table  1.  Bffect  of  3orae  organic 

fate-induced  electroluminescence. 

compounds 

on  the  pe 

roxodisul- 

Compound 

Lel 

:fl 

'—Ads 

Blank 

1 

_ 

— 

Jalicylic  acid 

200 

100 

30 

b-3ulf o3alicylic  acid 

430 

115 

'15 

Chromo tropic  acid 

69  Ou 

to 

£  J 

Cal  c  e  i  n 

3350 

215 

7  s 

c  -Hyar  o  xy  quincl  i  r.c 

870 

— 

37 

Morin 

710 

- 

33 

Acridine 

— 

130 

— 

firon 

- 

- 

39 

3-Hydroxybenzoic  acid 

— 

— 

— 

On  the  basis  of  these  results  it  is  tempting  to  suppose 
that  in  order  to  catalyze  the  peroxodisulfate-induced  electro¬ 
luminescence  the  organic  compound  must  be  fluorescent  or  capa¬ 
ble  of  forming  a  fluorescent  complex  with  aluminium  and,  fur¬ 
thermore,  the  compound  must  be  readily  adsorbed  onto  the  sur¬ 
face  of  the  oxidc-covered  aluminium  electrode. 
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ROTATING  RING-DISK. ELECTRODE  STUDY  OF  THE  COMPETITIVE  PHOTOOXIDATION  OF 
l'  AND  H20  AT  n -T i 02  ELECTRODE 

P.  SALVADOR*  and  C.  GUTIERREZ** 

*  Inst i tuto  de  Catalisis,  C.S.I.C.,  * *  Inst ! tuto  “Rocasol ano" ,  C.S.I.C. 
Serrano  119,  28006  MADRID,  Spain 


Numerous  studies  have  been  reported  on  the  photoass i sted  anodic  evo¬ 
lution  of  oxygen  at  T i 0 2  electrodes.  However,  the  detailed  mechanism  of 
this  process  remains  unknown.  A  mechanism  which  involves  the  intermediacy 
of  H202  has  been  proposed1*2  .  We  have  undertaken  a  rotating  ring-disk  elec¬ 


trode  (RRDE)  study  of  tne  competitive  photooxidation  of  I*  and  H20  at  an 
n-Ti02  electrode,  in  order  to  obtain  more  light  on  this  problem.  Several 
studies  on  this  system  have  appeared3. 

The  RRDE  had  an  inner  disk  of  sintered,  H2_reduced  polycrystalline 
T  i  O2  electrode,  and  an  cuter  platinum  ring.  Details  about  the  inner  disk 
and  the  experimental  set-up  are  given  in  Refs.  A  and  1,  respectively. 

The  results  obtained  in  0.1M  Kl,  0 . 5M  Na2S0/(,  pH  A.O  at  a  potential 
of  +1500  mV  vs  SCE,  positive  enough  to  eliminate  recombination  (i.e.  photo¬ 
current  transients)  are  shown  in  Fig.  1.  There  it  is  plotted  the  efficiency 
for  iodide  oxidation,  J> ,  vs_  the  stationary  photocurrent  at  the  disk,  I  ^  , 
with  ;-ring  cur  rent/ (co I i ec t ion  efficiency  x  disk  current).  It  can  be  seen 
that  '!>  decreases  with  increasing  ,  which  points  to  a  higher  reaction 
order  (in  a  common  reactant)  for  H20  oxidation  than  for  I’  oxidation.  A 
possible  reaction  mechanism  could  he: 

oh; 


+  h+  -H 


We  assume  that  all  reaction  steps  are  irreversible.  Then,  the  rela¬ 
tionship  between  and  I „  is  completely  determined  by  k,  and  k.  ,  as 
easily  shown: 


h2°  1  r 

-  +  -  =  Av,  +  2  V,  =  Ak.  OH’)2  +2  k 

q  q  1  ox  1  Is  ox 

—  5 1 


,k]  [■;] 

u.  iaL  J  < 


From  here  we  obtain? 


0H’ | 

S  3  s  t 


I'i  +\ A  k^  il'| 

.  sicl  V  °*  I  s  , 


16k,  1 q/ q 


Bes ides , 


►  V  zr*  vr*  yy v*  wpw 


I 


m 

i**ti 


Subst i tut  ion 


Therefore , 

predicts  that  a  plot  of  I  ^  vs_  (l-<}>)/$2  sh  u  I  d  give  a  straight  line  passing 
through  the  origin.  When  plotted  in  this  way  the  data  of  Fig.)  nive. instead 
smooth  curve,  convex  towards  the  abscissae  axis.  Effectively,  the  agreement 
between  the  model  (chain  line)  and  [he  experimental  data  (full  line)  is 
far  from  perfect.  This  could  be  justified  if  we  assume,  either  that  k) 
decreases  monoton ica I  1 y  with  increasing  illumination  intensity,  due  to  a 
decrease  of  the  reactivity  of  the  remaining  0H°  surface  sites),  or  that  k, 
increases  monoton i ca I  I y ,  due  to  unpinning  of  the  band  edges  and  improve¬ 
ment  in  the  overlap,  or  both. 

The  dependence  of  d  on 
also  been  included  in  Fig.  i.  Provided 
Eg.^Uj  should  also  apply.  Effectively,  when 
first  four  points  define  a  straight  line  that 
The  agreement  between  the  model  (dotted  line) 


(fu 
rather 


i  ne ! 
poor 

The  dependence  of  cp 
currents  is  shown  in  Fig. 
' a  i  nod  from  Eg.  i 4 ]  as: 


;  t  a  n  t 


passing  through  the  origin 
obtain  the  shape  of  the  I” 
Iq  ,  such  as  those  in  Fig. 
curves  are  included  in  Fig 
cide,  as  they  should. 


rather  good,  this  is  surprising,  since 
the  experiments  at  constant  potential. 


on 

2. 


iodide  concentration  at  two  constant  disk 
The  dependence  predicted  by  the  model  is  ob- 


1 1  s  J  ^  t  vs  should  give  a  straight  line 

.  If  the  model  is  obeyed,  Eq.  [ 5j  allows  us  to 
adsorption  isotherms  from  experiments  at  constant 
2,  by  simply  plotting  «  ;Klj  .  These 

They  have  been  normalized. 


Pinal ly,  the  influence  of  pH  is  shown  in  Fig,  3.  At  pH  12  $  is  inde¬ 
pendent  of  the  disk  current.  At  this  pH  the  T i O2  surface  is  charged  nega¬ 
tively,  which  could  repel  the  I"  ions  away  from  the  surface,  so  that  perhaps 


they+cannot 


accept  a 
ess  effi 


ho  i  e 
:  ient 


from  an 
( I  owe  r 


radical,  but  directly  t rom 
process.  This  mechanism  would 


the  observed  constancy 


It  is  very  interesting  that  at  pH  10  i  initially  increases  and  finally 
merqes  with,  the  curve  obtained  at  pH  A  Again,  this  means  that  1“  photooxi¬ 
dation  is  less  efficient  at  alkaline  pH,  and  that,  due  to  mass  transfer  li¬ 
mitation  of  OH"  ions  from  the  bulk  to  the  surface,  the  local  pH  at  the  sur¬ 
face  decreases  with*  increasing  disk  current  fiom  10  to  4,  at  which  moment 
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KINETICS  OF  THE  DISSOLUTION  OF  SPENT  LEAD-BATTERIES 
WITH  THE  "G.S."  ELECTROCHEMICAL  PROCESS 

M.  MAJA  and  P.  SF I  NELLI 

Dipartimento  di  Scienza  del  Material!  e  Ingegneria  Chimica 
Politecnico  di  Torino,  Italy. 

M.V.  GINATTA  and  G.  ORSELLO 
Elettrochimica  Marco  Ginatta  S.p.A.,  Torino,  Italy. 


With  the  G.S.  process  ' 1 )  the  spent  batteries  after  bettor,  cutting,  are 
loaded  on  racks  to  be  activated  and  then  placed  in  the  electrolysis  tanks 
as  soluble  anodes,  while  pure  lead  is  deposited  on  the  cathodes. 

The  dissolution  of  the  plates,  which  is  one  of  the  main  electrochemical 
features  of  the  process,  was  investigated  by  means  of:  i '  current  ar.d  po¬ 
tential  measurements  on  especially  prepared  full-size  batteries  containing 
".‘ferer.ee  electrodes  for  monitoring  of  the  plates'  potential;  i  i '•  analy¬ 
tical  and  weight-loss  determinations  or.  plate;  withdrawn  from  batteries 
removed  from  the  tanks  after  different  processing  times.  Some  results  are 
reported  il  Table  I. 

From  the  values  of  the  mean  weight  of  the  battery  componer.'s,  the  distri¬ 
bution  of  the  dissolved  lend  was  estimated,  indicating  the  following  veicht 
ratios  6.a/3.2/C.54  referring  to  e lectrclyte /cathode; s 1 ime  respectively. 
Due  to  lead  er.r ichment  of  the  electrolyte,  the  G.S.  process  employs  electro 
winning  tanks  with  insoluble  anodes  in  addition  tr  the  dissolution  tanks. 
Table  I  shows  the  weight  percent  disc  slut . rn  values  of  positive  ar.d  nega¬ 
tive  plates  after  removing  the  batteries  from  the  dissolution  tanks  at  dif¬ 
ferent  processing  times. 

Interpretation  of  the  electric  measurements  was  done  or.  the  basis  if  the 
equivalent  electric  circuit  partially  shown  ;n  fig.  '.  The  measured  ar.d 
computed  values  are  oompar-d  ir.  figs.  2  ar.d  3.  These  r^su.ts  ir.d.  ate  *hat 
dissolution  occurs  witn  current  yields,  controlled  by  the  thr.c  It 
the  electrolyte. 

A  better  under  standing  of  the  positive  plates'  lissclutior.  war  pti-.il.le  tv 
determining  t.n-  "iriat'eri  of  the  load— dioxide  cr.r.tent  l-.r ir.a  the  pr:."e  i. 
Tli's  was  dcr.e  with  I  _iK.  ■:  a-ery  terf-  on  t.hort 1  ncu  1 1  “d  pcs  i  *  ;  -.  •-•  and  —'s 
f.v-  pi  i  or  .'boot  •  •  Ah  capacity,  hv  r- a«.ur  ir.g  *  h-  am  ir  *  ?:  .  •  •  c  - : 

:hir  yed  r  I'-'-w:  rvi  f  r-.s  tr.e  positive  te  To-  r.-s  it :  v  plit-.-.  At  *  iv*  end  -  f  hi, 
to',  :h  *  p.-  •  c vc  plat*1  was  inn'- .It  a'  >• .  v  t  r  r  f  e  1  fj-n  t  j .  •  - 
washed  .cl  dried  ar.d  *■  her*  inal  v*s> -.1  for  tn  content .  re;  i  t  or 

these  re;*:  :ro  th<wt  :  r.  Table  II.  Ir.  the-  -  ame  Table  I'  we  -«.«•  the.-  'he 
weight  lost,  r  f  the  negative  p.ar'.u  vir-.c  ■  -tv  'l.oely  t  ;•  the  me?. t  u 
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electric  charge,  while  the  positive  plates  show  a  weight  loss  of  an  order  of 
magnitude  higher  than  that  corresponding  to  the  measured  charge.  This  proves 
that  one  of  the  major  dissolution  mode  is  the  local  galvanic  coupling  metal 
grid/posit ive  active  material.  These  results  agree  very  well  with  industrial 
operating  conditions  as  indicated  in  table  I,  where  dissolution  of  positive 
plates  is  shown  to  proceed  at  higher  rate  than  the  negatives  at  the  beginning 
of  the  process. 

References 
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PROCESSING  TIME  ( 

El  I!.' i.  WEIGHT  (g> 
V C 1  GiiT  LOGS  1  g , 
WEIGHT  LOSS  % 


MEASURED  ELECTRIC 
CHARGE  (Ah) 

0.94 
2.  Co 


0, 

.  5 

3 

24 

pcs 

neg 

pos 

neg 

pos 

neg 

o 

L-d 

b 

S'3.0 

78.7 

-2.9 

22.0 

6.9 

44 . 2 

68.5 

75.4 

’25.2  1 

1  1  .4 

SO.  C 

’6.5 

46 . 5 

63 . 7 

85.’ 

94.2 

TABLE 

1 

NEGATIVE  PLATE 
WEIGHT  LOSS  (gj 

POSITIVE  ELATE 
WEIGHT  LOSS  (g) 

4%  PbO 

3 . 6  6 

24.2 

”  .9 

3.02 

92 . 5 

17.6 

TABLE  II 


My.  1  -  Llectric  circuit  equivalent  to  the  system 
Uultory/niectrolyte/Cathode . 
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ROME  NEW  EXPERIENCE  IN  THE  OPERATION 
OP  SALINE  ALUMINIUM-AIR  BATTERIES 

A.  R.  DESPld,  K.  KRSMANOVld,  A.  VORKAPlf,  M.  DOBRK*  and  B.  VESI<? 
Laboratory  for  Electrochemical  Energy  Conversion, 
Institute  of  Electrochemistry  ICTM,  Belgrade,  (Yugoslavia) 


Aluminium-air  batteries  represent  a  relatively  new  chemical 
power  source,  which  is  still  in  the  state  of  developement  of  mo¬ 
dels  and  prototypes  of  future  commercial  products.  Two  lines  of 
work  are  pursued  in  the  world:  that  on  a  high-power  density  bat¬ 
tery  with  alkaline  electrolyte,  typically  for  electric  vehicle 
aoDlication  and  a  high-energy  density  one  with  neutral  saline 
electrolyte  to  be  used  as  a  common  small  power  source  of  elec¬ 
tricity,  as  reserve  power  or  even  for  electric  vehicles  in  a  hy¬ 
brid  combination.  The  saline  battery  has  the  advantages  of  sim- 
olicity  of  the  system,  of  hazardless  manipulation  and  ecological 
acceptability . 

However,  a  basic  shortcoming  of  the  saline  electrolyte  is 
that,  if  stagnant,  the  reaction  product  (hydrated  aluminium  oxi¬ 
de)  forms  in  the  form  of  a  gel  which  tends  to  solidify  the  elec¬ 
trolyte  already  at  an  early  stage  and  block  the  operation 
(brings  the  voltage  down  to  an  impractical  level) . 

Two  ways  of  overcoming  this  difficulty  were  developed  in 
our  laboratory. 

^  Tor  small  cower  batteries  a  special  construction  is  develo- 
oed\  The  cell  consists  of  two  carts:  an  electrolyte  container 
and  an  active  part  consisting  of  an  aluminium  anode  and  an  air 
cathode  in  a  fixed  position  with  respect  to  each  other  with  an 
air-pocket  providing  the  air  to  the  cathode  through  and  opening 
at  the  too.  The  active  part  was  made  to  slide  in  and  out  of  the 


electrolyte  container  in  a  telescopic  arrangement.  A  wiper-bar 
is  fixed  inside  the  electrolyte  container  so  as  to  enter  between 
the  two  electrodes,  with  rubber  wipers  pressing  against  the  elec¬ 
trode  surfaces.  As  the  active  part  is  pulled  up,  out  of  the 
electrolyte  container,  or  back,  the  wipers  scrub  the  electrodes. 
Hence,  when  the  cell  is  filled  with  the  electrolyte  and  the  ac¬ 
tive  part  Inserted  the  cell  attains  the  voltage  and  is  ready  to 
deliver  current,  when  the  ooeration  is  to  be  interrupted  the  ac¬ 
tive  part  is  pulled  up,  out  of  the  electrolyte.  At  the  same  time 
the  wipers  scrub  the  electrodes  free  of  the  Droduct.  It  was  fo¬ 
und  that  is  suffices  to  lift  the  active  part  and  return  it  down 
once  in  8  to  16  hrs,  for  the  ooeration  of  the  cell  to  run  smoot- 
ly  for  days  till  the  exhaustion  of  the  electrolyte.  Typical  ope¬ 
ration  at  different  external  loads  is  shown  in  fig.  1.  for  a 
cell  with  an  aluminium  alloy  anode  and  a  concentrated  NaCl  + 

+  NajSO,  electrolyte. 

For  medium  and  large  oower  batteries  the  principle  of  re¬ 
ciprocation  of  the  electrolyte  was  introduced^.  Also,  a  bipolar 
cell  design  was  effected  with  a  self-perpetuating  wedge  anode3. 
The  operation  was  tested  with  an  aluminium  alloy  anode  with  pure 
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Fig.  1.  Operation  of  the  stagnant  electrolyte  cell  on  diffe¬ 
rent  constant  load  with  scrubbing  of  the  electrodes  each  8  and 
16  hours. 

concentrated  sodium  chloride  (2M)  and  a  mixture  of  sodium  chlo¬ 
ride  and  sodium  sulphate.  The  purDose  was  to  check  on  the  per¬ 
petuation  of  the  wedge  (shape  maintaining)  as  well  as  on  the 
functioning  of  the  electric  contact  between  the  wedge  and  the 
conducting  wall  between  adjacent  cells.  Problems  were  encounte¬ 
red  with  both.  The  shape  was  not  maintained  well,  as  Is  expe¬ 
rienced  with  the  alkaline  electrolyte.  After  about  50  hrs  of 
ooerairion  at  70  mA  cm“2  the  shape  changed  to  the  one  shown  in 


Fig. 2.  The  shape  of  the  wedge-anode  after  prolonged  operation 
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Also  significant  voltage  drop  was  found  between  the  anode 
and  the  wall.  This  difficulty  was  overcome  by  painting  the  back 
of  the  anode  with  the  conducting  laquer. 

Further  Investigations  are  In  progress. 
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OXYGEN  REDUCTION  ON  RUTHENIUM  ELECTRODE 
MODIFIED  BY  THALLIUM  AND  LEAD  ADSORBATES 

N. Anastasijevic ,  Z.  Dirnitrijevic *  and  R.  Adzic 
Institute  of  Electrochemistry,  ICTM  Belgrade,  Yugoslavia 

Studies  of  oxygen  reduction  on  Ru  electrodes  are  rare.  Nekrasov 
and  Khruscheva1  have  found  a  series  mechanism  of  00  reduction  on  Ru  in  al¬ 
kaline  electrolyte.  Ve  have  recently  shown  that  the  reaction  proceeds  by  a  pa- 
2 

rallel  mechanism  .  Both  works  emphasize  the  role  of  the  oxidation  state  of 
the  Ru  surface  on  kinetics  of  O,,  reduction.  In  this  work  the  effects  of  adsorba¬ 
tes  of  T1  and  Pb  on  0„  reduction  on  a  partially  oxidized  Ru  electrode  have  been 
studied.  The  adsorbates  of  T1  and  Pb  have  been  obtained  by  the  underpotehtial 
deposition  and  the  ionic  chemisorption  on  Ru-oxide. 

A  pronounced  influence  of  the  negative  potential  limit  was  found  on 
00  reduction.  If  the  negative  limit  is  outside  the  potential  region  of  the  hydro¬ 
gen  adsorption/desorption  process,  the  electrode  looses  its  activity  towards 
O,,  reduction.  This  is  apparently  due  to  a  buildup  of  a  thicker  oxide  layer  under 
these  conditions .  A  presence  of  the  trace  quantities  (10~  M)  of  Pb“+  and  T1  in 

the  electrolyte,  which  results  in  their  adsorption  on  Ru  and  RuOx  surfaces, 

-  3 

causes  that  a  full  activity  for  00  reduction  is  obtained  (Fig.  1,2)  . 

The  analyses  of  the  disc-ring  measurements  shows  that  reducti¬ 
on  is  fit  st  order  with  respect  to  dissolved  O^.  Four  electrons  are  exchanged  in 
this  reduction.  The  presence  of  T1  adsorbates  changes  the  Tafel  slope  from 
-180  tTiV/dek  into  -125  mV/dek. 

The  electrochemic  d  reduction  of  HO  also  depends  on  the  oxidation 
-tale  of  the  Ru  electrode.  The  reaction  is  first  order  with  respect  to  HO  .  It 
goes  with  the  exchange  of  2  electrons.  A  presence  of  the  T1  adsorbate  changes 
the  fafel  slope  from  -2'K)  mV/dek  to  ~  -110  mY/dek.  The  catalytic  effect  of 
the  Pb  and  T1  adsorbates  is  seen  in  the  shift  of  E  by  40  mV  to  more  positive 
potentials  and  a  certain  increase  of  the  limitinu  current  density. 

1  Permanent  address:  Institute  for  Chemical  Power  Sources,  Zemun  Polje 
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-1/2 

Fig.  3  gives  the  plot  of  1^/1^  vs.  w  obtained  from  the  disc- 
-ring  measurement:;  for  O  reduction  on  Ru/Pb  .  The  plot  of  slopes  vs.  inter¬ 
cepts  (Fig.  4i  obtained  from  Fir,.  3  shows  the  intercept  1,  which,  accor¬ 

din'!  Vt  <  blov/.t  c*i  al  \  suggests  a  parallel  mechanism  of  O  reduction  to  OH  . 
It  may  be  surf  ms  mg  mat  a  four  electron  reduction  of  C0  is  observed  on  a  par¬ 
tially  oxidized  Ru  surface  modified  by  Pb  and  T1  adsorbates.  This  can  be  expla¬ 
ined  by  the  ion  exchange  reaction  on  the  RuOx  surface  viz. , 

RuOH  *  M* - RuO-M  +  (1) 

This  gives  essentially  a  metallic  surface  facing  the  O  containing  electrolyte. 

On  such  a  surface  the  interaction  of  O  with  two  sites  may  lead  to  a  rupture 
of  the  0-0  bond,  a  prerequisite  for  a  parallel  mechanism. 


RuO-M  O 

4  II 

RuO-M  O 


RuO-M 

RuO-M 


(2) 


The  Tafel  slope  of  -125  mV/dek  suggests  a  first  electron  exchange 
as  the  rate  determining  step.  These  effects  may  provide  useful  data  on  the  rela¬ 
tion  of  the  state  of  electrode  surface  and  electrocatalysis  with  a  considerable 
applicative  potential. 
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Fig.l.  0o  reduction  on  Ru  and  Ru/Tl  in 

O.lM  NaOH  and  0.  1M  NaOH +1x10“  % 
Tl+.  Sweep  rate  SO  mVa  . 


-t/VviH^NgO^ 

Fig.  2.  Same  as  in  Fig.  1  but  tor  1x10"5M 
Pb  in  0.1  M  NaOH. 


Fig. 3.  Theriot  of  I^/I^  vs 

for  O  reduction  on 
Ru/Pb  in  0.1M  NaOH. 
E-O.laV. Collection 
efficiency  N=0.11. 


w 

!»#«< 


025  0  30 


// 


10  "sis'" 

_  .  i  L  1 

Fig. 4.  intercept  vs. slope  plot 
obtained  from  Fig. 3. 
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ELECTROCHROMISM  OF  LUTETIUM  DIPHTHALOCYANINE  THIN  FILMS. 
ELECTROCHEMICAL  INVESTIGATION. 

F.  CASTANEDA*  and  V.  PLICHON 

Laboratoire  de  Chimie  Inorganique  et  Elect rochimie .  ESPCI , 
10  rue  Vauquelin,  75231  PARIS  CEDEX  05  (FRANCE). 


Lanthanide  diphthalocyanir.es  have  been  proposed  as  elec- 
trochromic  materials  because  they  are  highly  coloured  and 
stables 


The  electro-oxidation  of  the  initial  green  compound,  in 
contact  with  aqueous  electrolytes  at  neutral  pH,  leads  to  an 
orange  form  whilst  electroreduction  in  the  same  conditions 
leads  to  a  blue  form.  Changing  the  electrolyte  does  not  af¬ 
fect  the  colours. 

+e~  -e* 

LuPc~  -  L  u Pc  ^  ^  LuPc2  ...  (1) 

blue  green  orange 


As  noted  in  the  literature,  the  peak  potential  (E  )  of 
the  first  scan  exibits  a  significant  overpotential  when  com¬ 
pared  to  its  position  after  repetitive  cycling  1. 


We  have  shown  that  both  the  peak  potential  and  the  cou- 
lometric  yield  on  the  first  scan  differ  from  that  measured 
after  repetitive  cycling  (Table  1,  fig.  1) 


3.-  ICI-I  3*  ,e*‘ 

«•  jjr-  r.-» 

One  electron  was  found  for  t  lie  two  redox  systems  ( gre< 
blue,  green-orange)  in  the  first  or  alternative  first  scan 
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i.e.  in  the  green-blue  first  colour  transition  or  in  the 
green-orange  first  colour  transition  after  cycling  several 
tines  on  the  other  redox  system  (Fig.  1).  Reactions  yield 
progressively  decreases  with  the  number  of  alternative  first 
scans . 


TABLE  t 

V*lu«t  of  E  Vt  fttrcuroui  »ulph*t«  tloctrod*  of  the 
groon-blu«  eouplo  .on_  first  *nd  n  '  scan  for  LuPc^  thin 
film  d«po*it«d  om-Pr—at  a  fonctiori  of  »ov«r*l  «l«ct rolytt* 


SAP 

XAC1 

»•* 

>1.20 

-1  .0? 

-l.*S 

•0.91 

-0.93 

Therefore,  we  have  studied  the  mechanism  of  the  ions 
incorporation.  It  is  s"hown  that  in  the  reduction  process 
there  is  no  change  of  Ep  with  the  electrolyte  cation  nature 
as  expected  but  there  is  an  unexpected  dependence  on  the 
anion . 


Meanwhile,  in  the  oxidation  reaction  there  is  a  normal 
shift  of  Ed  with  the  electrolyte  anion  nature  (Fig.  2). 
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"IN  SITU"  SPECIRDSCCPIC  STUDIES  Or  N , N ' -DIBENT  xX-VTCLOGEN  RADIO XS 
ADSORBED  ON  TITTALLIC  (Pt,Au)  OP  SB-HCOfCUCTOR  (Ti02)  SURFACES 

B.  BEDEN,  ?.  CRDUIQSEAU,  0.  ENEA  and  C.  LAME, 

Luboratoire  de  Chirie  I,  Electrochimie  et  Interactions,  U.A.  au  CNRS  fh 350, 
U'niversite  de  Poitiers,  4G,  avenue  du  Recteur  Pin.eau,  36022  POITIERS,  France. 


The  N,N'-dimothyl-4/4'-dipyridinium  cation  MV^  (methylviologen)  and 
its  long  chain  or  aromatic  derivatives  present  a  considerable  interest  as 
electron  relays  in  various  processes  for  hydtogen  generation  through  the 
photochemical  splitting  of  water No  simple  correlation  can  be  established 
between  the  efficiency  for  hydrogen  generation  and  their  respective  redox 
potentials  because  of  a  number  of  secondary  reactions  like  catalytic  hydro¬ 
genation  or  dimerization  of  radicals, _ _  Besides  their  adsorption  on 

semiconductor  (Ti02  ,...)  or  metallic  (Pt,  Au)  surfaces  plays  an 
important  role  in  the  trapping  of  the  pho reproduced  electrons  and  the 
subsequent  consumption  of  the  negative  charge  at  metallic  surfaces. 

Recently,  ws  have  investigated  by  cyclic  voltarmetry  coupled  with 
"in  situ"  LV-visible  reflectance  spectroscopy  (5)  by  electron  spin 
resonance  spectrometry  f 6) some  viologen  radicals  adsorbed  on  Pt  electrodes  or 
on  TiCh  colloidal  particles.  In  the  present  work  we  use  these  experimental 
methods  to  examine  the  ir.terfaclal  behaviour  of  the  N, N1 -dibenzyl-4, 4’ -di- 
;>yridi.nium  dication  BV-+  (benzyl  violooenl,  a  ccrpound  which  has  leer,  shewn  to 
display  very  inheres tina  properties  as  electron  carrier  (2) . 

EXPm:  tniae 

Benzyl  viologen  chloride (synthetized  by  Dr.  A.  BRAUN,  Boole  Polytech¬ 
nique  rederaie  de  Lausanne,  Switzerland) ,  was  dissolved  in  deionized-triply 
distilled  water.  Final  concent  rat  ions  (  '■  4.IO-5  M)  used  in  the  sqoctro- 
electrocherical  experiment  were  prepared  ’with,  a  -apportion  electrolyte  (0.1  M 
V2SO4)  nr;  justed  to  a  suitable  pH  value  (v  3.34).  Vo  1  came  trie  and  spectros¬ 
copic  measurements  vrre  simultaneously  carried  cut  in  a  three-electrode  cell 
with  quartz  windows.  Smooth  platinum  cr  gold  discs  ( are a  v  0.33  cm. 2'  ,  care¬ 
fully  polished  with  0.05  ;.m  alumina,  were  'used  alternatively  as  working 
electrodes.  A.  mercurous  sulphate  electrode  I  KEF)  ',/as  used  as  the  reference 
electrode  and  a  platinum  gauze  as  the  counter-electrode . 

Cyclic  voltammetry  was  carried  out  with  conventional  equipment  at  a 
sweep  rate  of  100  rV.s-l  or  300  mV.s-1  between  -1.7  and  +0.25  V/MSE.  The 
change  in  the  relative  reflectivity  1R/R  of  tile  surface  due  to  the  presence 
of  an  absorbing  layer,  was  recorder  at  a  fixed  wavelencth  >  as  a  f'or.ction  of 
the  electrode  potential  E,  using  a  Harriek  model  RSS-C  Rapid  Scan  Spectro¬ 
meter.  These  re  Hectograms  we  re  recorded  and  averaged  several  times  usinq  a 
Nicolet  1020  A.  signal  averager  in  order  to  improve  the  signal -to-noise  ratio. 

After  a  series  of  experiments  at  different  wavelengths  all  over  the 
spectral  range  350  to  800  rm,  the  ref lectocrams  were  plotted  in  a  tridi¬ 
mensional  diagram  giving  the  absorbance  LA  =  -  LR/R  as  a  function  of  E  and 
X,  A A  =  f(\,E),  as  in  fia.  1.  The  surface  |A,E,'1  could  thereafter  be  cut 
at  a  constant  potential  E  to  redraw  the  absorption  spectrum  AA  =  f  ( M  of 
the  species  adsorbed  on  the  surface  of  the  working  electrode  (Au  or  Pt)  . 
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The  Ti02  colloidal  solution  (average  radius  of  particles  %  50  A) 
was  preoar ed  by  J.  MuSER  (in  Prof.  GrStzel's  Laboratory,  Ecole  Palytechnique 
Foderale  c’e  Lausanne,  Switzerland)  by  hydrolysis  and  dialysis  of  purified 
TiCl4  .  Photochemical  reduction  of  the  benzyl-violoaen  was  achieved  with  a 
Cunow  150  W  XEO  Xenon  Lamp,  which  irradiates  the  colloidal  suspension 
previously  deaerated  and  contained  in  a  flattened  quartz  tube  inside  the 
resonant  cavity  of  a  Varian  F-,  spectrometer.  The  ESP.  spectra  recorded  at  a 
low  microwave  incident  power  12  to  5  rti)  are  shown  in  Fig.  2. 

RESULTS  AND  DISCUSSION 

Use  three-dimensional  diagrams  [  A,E,X|  ,  (fig.  1  ),  contain  by  them¬ 
selves  all  the  informations  needed  for  identifying  the  adsorbed  species.  At 
potentials  close  to  the  upper  limit  Ea  ,  where  the  benzyl-vio logon  dication 
Bv2+  predominates,  there  is  practically  no  chance  in  the  absorbance  throu¬ 
ghout  the  spectral  range  used.  Conversely,  at  potentials  around  the  lower 
limit  E~  ,  where  the  BV+  blue  radical  is  formed,  the  absorbance  great!'*  varies 
with  the  wavelength,  displaying  a  rather  narrow  peak  around  400  nm  and  a 
wider  peak  around  540  nm.  Comparatively  to  the  steep  rise  of  the  relative  absor¬ 
bance  intensity,  when  potentials  approach  Ec  ,  the  decrease  is  significantly 
slower,  when  the  potential  sweep  is  reversed.  The  adsorbed  BV4-  radicals  still 
persist  a  few  seconds  at  potentials  much  more  positive  than  the  half-wave 
potential  Fi,  ,2+  ,  a  result  observed,  also  for  other  viologens  (6) . 

If  v  /  the  absorbance  spectra  of  the  BV*  species  adsorbed 
respectively  on  Pt  and  Au  are  compared,  a  red-shift  of  v 30  nm  can  be  obser¬ 
ve!  in  the  second  case.  This  shift  cannot  be  related  directly  to  the  inte¬ 
raction  of  the  BV4-  radicals  with  the  metru  :  the  BV+  radicals  are  more 
strongly  adsorbed  on  Pt  than  on  Au.  The  red-shift  observed  is  more  probably 
due  to  interactions  between  the  adsorbed  BVr  radicals  themselves,  than  to 
interactions  with  the  support. 

The  absorption  spectra  of  photoreduced  BV*  radicals  adsorbed  on 
colloidal  Ti02  particles  are  very  similar  to  those  obtained  for  the  corres¬ 
ponding  cations  in  the  bulk  when  a  5 . 10"  ^  M  bv2+  solution  was  electrochemi¬ 
cal  ly  '"educed  in  a  quartz  call.  They  present  significant  differences  when 
comp. 4*.  ?c  with  spc.c’-ra  of  radicals  adsorbed  on  Pt  or  Au. 

Toe  ESP.  spectra  (2.004  <  g  <  2.005)  of  the  BV4-  radicals  adsorbed  -.a 
rot loi dal  T.iC,  particles  display  a  partially  resolved  hyperfine  structure 
chewing  c.  rolStivc-ly  delocalized  electron  inside  the  free  radical  structure. 
The  mutual  interactions  of  the  piictogenera-ed  radicals  spread  on  Ti02 
par  tides,  having  a  large  surface  area,  seers  to  be  lew  and,  consequently,  the 
hyperfine  structure  is  not  too  much  disturbed. 
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TOE  EFFECT  OF  Pt  AND  RuCL  DEPOSITS  ON  THE  PHOTOREDUCTION 
OF  METHYLV IOLOGEN  ON  Ti/Ti02  ELECTRODES  AT  OPEN  CIRCUIT 

0.  ENEA  and  M.  GRXTZEL* 
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Phctoredox  reactions  occur ing  at  the  surface  of  semiconductor  particles 
suspended  in  solution  can  t.a  rationalized  in  terns  of  photoelectrochemical 
concepts.  Recently  ,  the  mechanisms  and  the  majority  carrier  flow  at  semi¬ 
conductor/ electrolyte  interfaces  having  very  different  sizes  were  examined 
comparatively  cn  the  bases  of  informations  available  for  dispersed  systems  and 
polarized  electrodes.  Nevertheless,  it  cculd  be  argued  that  modifications  of 
interfacial  properties  by  external  electrical  fields  2  makes  polarized  elec¬ 
trodes  less  appropriate  as  models  for  semiconductor  particles  than  the  same 
electrodes  at  open  circuit.  Seme  aspects  of  the  photo( electro) chemical  pro¬ 
cesses  occur ing  at ^successively  polarized  and  open  circuit  electrodes  were 
recently  examined  by  following  the  kinetic  of  methylviologen ,  MV2+  , 
photoreduction  at  these  interfaces. 

TOe  present  work  uses  this  experimental  technique  in  order  to  obtain 
more  informations  concerning  the  effects  of  catalytic  deposits  (Pt,  RuO  ) 
on  the  photoactivity  of  Ti/TiO^  electrodes  at  open  circuit,  investigated  as 
models  for  the  particulate  TiCC  dispersed  photoca talysts . 

EXPERIMENTAL  l 

Ti02  (nnatase)  layers  of  10-40  um  thick,  deposited  by  the  thermal  de- 
cc;-p— "’iCl^j  or  titanium  sheets  (7.5  x  7.5  x  1  mm)  were  finally 
annealed  at  720  K  under  Ar.  All  Ti/TiCd  electrodes  were  tested  and  only  those 
having  reasonably  close  onset  potentials  and  photocurro.. .  ■  '  •  ■■  .  .  juse- 

quentlv  used  to  study  the  photoreduction  of  methylvioloaenas  n  function  of 
its  concentration.  S<xne  of  these  Ti/TiC^  electrodes  were  platinized  under 
irradiation  during  various  times  between  8  and  80  minutes  in  a  solution 
(pH  =  2.43)  containing  8.2  10  ^  M  K„PtClg  .  Various  amounts  of  RuO^  were 
successively  deposited  on  others  Ti^TiO.  electrodes  by  the  thermal  decompo- 
sition  at,'v360  K  of  measured  volumes  or  dilute  solutions  containing  (0.01  - 
0.1  g  dm  ) RuO .  . 

In  all  irradiation  experiments  we  used  a  450  W  Xe-Lamp  (  Oriel)  with  a 
6  cm  water  filter  and  a  350  nm  cutoff  filter  to  prevent  the  direct  photolysis 
c T  methylviologen  '*  .  Currents  and  potentials  of  polarized  electrodes  were 
measured  versus  a  saturated  calanel  electrode  (SCE)  with  a  Wenking  DCS  73 
potentiostat.  Production  rates  of  blue  methylviologen  radicals  were  deter¬ 
mined  with  a  llc-Ne  laser  from  tne:r  optical  absorbance  at  632.8  nm  (e  =  8060 
M  ‘cm  l).  Alternatively,  Ai/At  slopes  were  determined  from  photocurrents 
measured  as  function  of  time  for  tne  reoxidatior.  of  MV  '  at  a  gold  collector 
electrode  held  at  0.2  V/SCE. 

RESULTS  AND  DISCUSSION 


The  main  experimental  results  are  briefly  summarized  in  the  following 
1)  The  shape  of  Ai/At  vs.  C  2t  dependences  (see  fig.  1)  measured  as 
slopes  of  photocurront  vs.  time  ‘  curves  for  Ti/TiO,  electrodes  at  open 
circuit  is  similar  in  shape  to  the  v  +  .  vs.  0,^2+  ‘  cur-res  ,  where 


cur-res 
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the  photcproduction  rate,  v  +. ,  of  methylviologen  radicals  was  alternatively 
determined  3  frcn  optical  absorbance  of  MV+‘  or  from  i-E  curves  measured 
for  polarized  Ti/TiO^  electrodes .The  increase  of  both  Ai/At  pr  '*w+-  Quanti¬ 
ties  at  low  concentrations  of  methylviologen (where  e”3>>  C^,^)  "  levels  off 
when  methylviologen  concentration  is  raised  until  e"0<<  CMV^+  anc* 

their  respective  limiting  values  are  reached. 

All  Ai/At  values  measured  with  a  collector  electrode  are  proportional 
to  the  quantities  of  photc.produced  MV  '  detected  from  optical  absorbance  or 
calculated2^rom  i-E  curves  3  of  polarized  electrodes.  The  study  of  the  kine¬ 
tics  cf  MV  photoreduction  in  particulate  suspensions  of  TiO-  (too  opaques 
to  allow  optical  measurements)  is  therefore  possible  by  means  of  an  inert 
collector  electrode  which  can  be  subsequently  used  in  the  same  experimental 
conditions  to  describe  the  behaviour  cf  Ti/TiO^  electrodes  at  open  circuit 
chosen  as  models  for  TiOj  particles. 

2)  A  Ti/TiO^  electrode  having  ana^ase  on  both  illurunated  and  dark 
sides  produces  a  higher  quantity  of  MV  *  radicals  than  the  same  electrode 
after  the  insulation  of  the  dark  side  (see  fig.  1).  The  majority  of  photo- 
produced  electrons  are  therefore  trapped  on  the  illuminated  side  when  a 
rather  efficient  electron  trapping  agent  like  methylviologen  is  used. 

3)  Small  platinum  deposits  formed  during  a  short  time  ( <8  minutes) 

photodeposition  on  the  illuminated  side  of  Ti/TiCU  electrodes  do  not  change 
significantly  Ai/At  vs.  C,^2+  (or  VJW+  vs.  C  2-t  )  curves,  while  experiments 
with  polarized  electrodes  have  shown' 'a  Shift  '  ("^60  mV)  towards  more  posi¬ 

tive  potentials  for  the  reduction  of  Mv2+,  a  shift  considerably  smaller  with 
respect  to  those  found  for  0^  (a-250  mV)  and  water  (570  mV)  reductions.  The 
quantity  of  pbotopr ■  educed  *  MV  '  radicals  decreases  progressively  when 

huger  quantities  of  Pt  arc  deposited,  presumably  because  of  the  obscuring 
of  anodic  z-  n  is  on  no.  surfaces. 

■'•I  The  '.iop  5  Ai  At  values  with  too  quantity  of  RuO.,  reaches  a 

r.  "mirirv.  at  5.10  g  cm  “  KuC?  and  decreases  progressively  when  'larger  RuO, 

c.iani  it.its  are  -p. .sited  on  vntnse  surface  (see  fig.  2).  Th;e  photoreductico 

of  ('V; f  is  siqri.fiotntly  1  ewer  for  a  Ti/TiO./P.yO,  electrode  containing 
2.10  3  g  cm  3  Rgm  _  especially  at  higher  concentrations  of  methylviologen. 
The  efficiency  of'P'uO-,  deposits,  well  known  to  enhance  water  oxidation  5  , 
car  tc  less  oft*  ctive  when  relatively  high  OH"  concentrations  are  used  (lr. 
our  experiments  pu  -  1 3 )  than,  in  acidic  or  neutral  solutions  .  In  addition, 
HuO,  dispersion  on  bo*b  cathodic  and  anodic  zones  of  TiO,  might  diminish 
* hifhact l't ty  of  cathodic  zones  for  the  photoreduction  c -  methylviol rqen. 
Or.nnir y-d  electron  microscopy  and  X-ray  analyses  have  effectively  shown,  tr.e 
formation  of  an  almost  complete  RuO.,  overlayer  on  anatase  surface  :  this 
explains  the  decrease  of  methylviologen  photoreduction  when  higher  quantities 
of  RuO_  are  deposited. 

clearly,  only  small,  appropriate  and  well  arranged  Pt  and'or  RuO, 
deposits  appear  able  to  bring  valuable  catalytic  properties  without  a" 
significant  decrease  of  the  own  photoactivity  of  the  semiconductor. 
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The  conversion  of  chemical  energy  of  biomass  constituents  like  sugars, 
polyalcohols  and  monoalcohols  into  electricity  is  actually  an  important  goal 
for  electrochemistry  and  photocatalysis.  Recently,  the  photodeccrposition 
and  the  photoformentatior.  cf  sere  sugars  were  investiaated  3  j_n  relation 
with  the  photccatalytic  activity  of  various  platinized  semiconductors .  Also, 
the  electrooxidation  of  D-glucose  on  Pt  electrodes  was  studied  by  voitarrmetric 
rretnods  ^ .  Among  these  investigations  none  lias  described  the  influence  of  pH 
on  the  photooxidation  of  sugars.  *67 

Our  preliminary  work  on  various  polyalcctols" '  '  has  pointed  out  a 
significant  dependence  of  photocurrents  measured  for  TiOy'polyalcxhol/methyl- 
vioiogen  suspensions  on  the  initial  pH.  In  this  work,  electrochemical  and  eras 
chromatography  neasurerents  are  jointly  used  to  examine  the  influence  of  pH 
on  the  photooxidation  of  D-saccharose  corpora tively  to  that  of  its  corpcnents, 
D-glucese  anti  D- fructose. 

FDCPERE'IENTAL 


The  amounts  of  D-glucose  adsorbed  on  TiO  particles  were  determined  by 
enzymatic  analysis.  Samples  of  vigorously  stirred  (one  hour)  suspensions 
containing  0.1  *  wt.  of  D-glucose  were  centrifuged  (30  ninutes  at  5000  rpr.)  , 
tire  supernatant  was  filtered  (0.5  urn  size  of  pores)  -and  subsequently  analyzed 
by  using  the  glucose  oxidase  procedure. 

In  serre  of  photoelectrochemical  experiments,  the  suspension  of  vigo¬ 
rously  stirred  TiO-.  powder  (P  25  Degussa,  2.5  g  dm"3)  contained  0.1  l  wt.  t 
sugar,  0.0325  M  J<2*"S04  and  0.701  M  methylviologen,  the  ir.itial  pH  heino 
adjusted  at  the  desired  value.  A  three -electrode  cell  with  two  conpartnerts 
and  a  flat  window,  thermostated  at  25V  vns  used.  The  anodic  phctocirren.t 
produced  under  irradiation  with  a  450  w  lamp  at  350  •  X  <420  m  of  the  pre¬ 
viously  degassed  suspension  was  measured  on  a  platinum  flag  (25  x  25  x  0.25  rmi 
held  at  0.2  V/SCE. 

In  other  experiments,  Ti02  suspensions  containing  0.5  X  wt.  of  sugar 
were  irradiated  with  a  1.6  kW  Xe  lamp  am  photocurrents  were  collected  at  a 
gold  electrode  (10.6  cm2). 


The  amounts  of  photogenerated  H_  during  the  irradiation  of  different 

fie  1^0  Pf -/TiO  r\r  T-iO-  4-  DW/CiiO  ci  Tcrr-v-tnc  i  nnc  OOHtained  in  3 


sanplos  (40  anJ)  of  Pt/TiOj  or  Ti02  +  Pt/SiO-,  suspensions 
55  an3  pyrex  flask  vrere  detected  by  gas  chrcratocraphy. 


tocraphy. 


RESULTS  AND  DISCUSSION 


The  rates  of  the  change  of  pootocurrents  wltli  time  (Ai/df)  shewn,  in  Fia.l 
were  determined  as  initial  slopes  of  the  photoc.urrent  vs.  time  curves  recorded 
for  Ti02/3ugar/metliylviologen  systems  at  various  initial  pH  values.  Ai/At  vs. 
pH  curves  intercept  tlie  oil  axes  in  the  acidic  range.  Such  behaviour,  already 
observed  for  polyalcefiois  8, 7f  car  be  explained  by  the  preferential  adsorption 
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of  sugars  or  polyaloohols  on  the  surface  of  TiC>2  particles,  and  seers  to  he 
governed  by  the  chain  length*  and  by  the  number  of  )QO!  units  . 

The  quantity  of  adsorbed  sugar  was  found  "•  to  be  0.6  mM  dm  per  gran  of 
Ti02  particles  suspended  in  dilute  (0.1  %  vt.)  aqueous  soluticns  of  D-glucose. 

If  the  average  radius  K  140  A)  and  BJETT  area  (  n.55  m2g~l)  of  Ti02  particles 
(Degussa  P  25)  are  considered,  it  results,  that  only  M5  X2  of  anatase  surface 
is  available  for  each  adsorbed  molecule  of  sug^r.  This  area  is  much  srraller 
than  the  total  surface  area  of  D-gluoose  (201  A2) gcalculated  from  Van  der  Waals 
increments  of  the  constitutive  atoms  and  groups  .  Presumably,  only  one 
hydroxyl  group  per  molecule  of  D-glucose  is  dissociatively  adsorbed  (in  the 
dark  )  : 

>CH0H  -  >CH0~  +  H+  (1) 

on  anatase  basic  sites.  The  total  number  of  produced  protons  (-v  6.10^), 
deduced  fron  the  shift  of  pH  values  during  the  adsorption  process  is  effecti¬ 
vely  of  the  same  order  of  magnitude  as  the  total  number  of  adsorbed  molecules 
of  D-glucose  (’v  8.4  1019)  . 

According  to  intercepts  on  pH  axes  (Fig.l)  the  adsorption  of  D-saccha- 
rose  on  Ti02  surface  appears  to  be  similar  to  that  of  D-gluoose  or  of  D~ 
fructose.  On  the  contrary,  the  hole  scavenging  efficiency  of  D-saccharcse  is 
significantly  lower  than  that  of  its  constitutive  sugars,  presumably  because 
of  a  icwor  ratio  of  OH  groups  per  C  atoms.  If  this  is  generally  true,  we 
slculd  expect  a  lower  photoactivity  of  Ti02  particles  in  systems  containing 
polysaccharides  than  in  systems  containing  equivalent  amounts  of  simpler  sugars. 

'The  adsorption  of  polyaloohols  or  sugars  having  more  than  5  or  6  >CH0H 
units  on  Ti02  particles  produces  a  high  concentration  of  OH  groups  close  to 
the  surface  of  the  semiconductor.  The  photcproduced  holes  mtceract  with  the 
a  I ’.oxide  ions  : 

)a!0'  +  h+  >CO  +  If  ,  (or  H+  +  e")  (2) 

cK.  S 

and  pH  values  become  progressively  mere  acidic  during  the  continuous  illumi¬ 
nation.  The  maximum  values  of  photocurrent ,  i  ,  reached  withan  20  to  30 
minutes,  and  Ai/At  values  are  both  governed  initial  quantity  of  Otr 

ior.s  in  the  bulk.  The  hole  scavenging  action  of  sugars  is  enhanced  by  the 
simultaneous  consumption  of  holes  by  Off  ions,  as  previously  observed  ' 
for  different  polyaloohols.  Protons  produced  during  the  photooxidat ior.  of 
sugars  decreases  the  initial  quantity  of  Off  ions  :  consequently  in  the  long 
term  experiments  invix  decreases  progressively,  unless  other  quantities  of  Off 
ions  aro  periodically  introduced. 

Alternatively,  If  (and  H*  J  species  can  be  removed  by  using  an  appro¬ 
priate  catalyst  for  112  product Toft  to  maintain  a  constant  pH  value  and  thus 
a  high  photoactivity.  Platinum  deposits  on  TiC^  particles  significantly  de¬ 
creased  the  Ai/At  and  i^ax  values  9.  The  amount  of  H2  evolved  found  by  CSC 
was  strongly  dependent  upor.  the  initial  concentration  of  OH”  ions  and  increased 
at  a Ik  Aline  pH  values  (Fig.  2) .  Ptotocurrent  values  decreased  also  when 
platinum  loaded  silica  particles  were  mixed  with  a  suspension  of  TiC>2  particles 
and  the  initial  value  of  pH  was  almost  constant  during  the  long  term  illumi¬ 
nations,  In  this  case,  the  quantity  of  H2  produced  and  the  rate  of  its  produc¬ 
tion  with  time  of  illumination  show  maximum  values  for  pH  =  2,  and  strongly 
decrease  in  neutral  or  alkaline  mediums.  Apparently,  the  inter-particle  trans¬ 
fer  involved  in  the  mixed  TiC>2  +  Pt/Si02  suspensions  and  the  catalysed  MV+- 
proton  reaction  is  enhanced  in  acid  solutions.  The  formation  of  larger  oonclo- 
merates  between  Ti02  ard  Pt/Si02  cannot  be  excluded  a  priori  but  is  probably 
of  minor  importance.  Since  electron  transfer  from  the  Ti02  particle  cannot 
take  place  through  the  silica  particle  to  reach  Pt  deposits,  the  mobility  of 
these  particles  seems  to  be  essential  to  accomplish  successively  fcotJ-.  electron 
trapping  .ard  water  reduction  cn  catalyst  surface. 
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electrochemical  behaviour  of  polyfyrrole  films 

IN  C104Li/PC  AS  SECONDARY  BATTERY  ELECTRODES. 

F.  TRINIDAD}  J.  ALONSO-LOPEZ  and  M.  NEBOT. 
Departamento  Investigaoidn  TUDOR  SA. 
Azuqueca  Henares,  Guadalajara  (Spain) 


Folypyrrole  films  (FF)  are  olectrochemically ^  deposited  on  plati 
num  in  an  electrolyte  of  pyrrole  0,1  M  and  ClO/Li  0,1  M  in  propylene  ~ 
carbonate  (PC).  The  film  thicknesB  (0,5  -  50  is  controlled  by  applying 
a  constant  current  density  (l  mx/ca?)  for  a  certain  period  of  time 
(0,24  C/cm2  to  obtain  a  film).  The  solution  i3  continuosly  degassed 

with  Argon. 

Cyclic  Voltanetrlea. 

After  the  electrochemical  synthesis  the  polypyrrole  films  are  cycled 
in  C104L1  0,1  M  -  PC  electrolyte.  The  scan  rate  (as  a  function  of  the  film 
thickness)  and  the  potential  interval  (-  1,0  and  +  0,8  V.  vb  Ag/ClAg)  have 
been  selected  to  obtain  a  oomplete  reduction  of  the  polymer  within  the  stji 
bility  range  of  the  electrolyte. 

Figure  1  ehowa  the  voltamogram  obtained  for  a  polypyrrole  film  of 
ajI^i  thickness.  The  reduction  peak  in  the  first  cycle  (-0,8  V)  corraapon 
ded  to  tho  loss  of  positive  charge  of  the  polymer.  The  quantity  of  charge 
obtained  was  14  1°  of  that  needed  to  deposit  the  film.  This  is  an  agreement 
with  the  previously  reported2  level  of  doping  (33  10  and  the  elemental  ana 
lysis  data  (C  i  46,61  H  1  2,71  $5  N  «  12,54  Cl  1  10,11  %)  which  gives 
the  formula  C4  H2>80  N0,92  (clo4)o,29* 

After  the  first  scan  rcproduoible  voltamogram3  are  obtained  with  an 
oxidation  peak  (doping)  at  -0,1  V  and  a  reduction  peak  (undoping)  at  -0,3  V. 
At  positive  potentials  (between  0  and  0,8  V)  a  capacitative  zone  of  oharge 
with  cusai-conatant  current  density  is  formed.  The  equivalent  capacitance 
(-n/0,02  F/cm2)  ia  three  orders  of  magnitude  greater  than  that  of  a  metal 
in  this  electrolyte  and  is  proportional  to  the  film  thickness.  This  is 
probably  due  to  the  highly  porous  otructure  of  polypyrrole  films3. 

The  reduotion  peak  at  -0,8  V  obtained  in  the  first  cycle  is  diapla 
cod  to  -0,3  V  in  the  following  scans.  A  possible  explanation  could  be  the 
change  in  tho  dopant  ar.ion  that  has  beer,  observed  by  other  authors^. 
Nevertheless  tho  elemental  analysis  of  cycled  films  is  essentially  the 
oame  as  fresh  film  (C  1  48,54}  H  1  3,35}  N  »  12,82}  Cl  1  10, 03  %)  Indies 
ting  that  tno  dopant  anion  is  0104”  in  both  cases,  the  interaction  with 
the  polymer  being  different  after  cycling. 

The  oxidation  and  reduction  oharge  in  each  cycle  is  the  same  and 
does  not  depend  on  the  soon  rate.  The  peak  height  is  proportional  to  the 
scan  rate  as  is  expected  for  a  reversible  surface  process. 

Increasing  the  film  thiokness  the  capaoity  of  the  electrode  is 
increased  but  slower  scan  rates  are  required  to  make  the  reduotion  of  the 
polypyrrole  film  possible. 
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Impedance  Analysis. 

The  impedance  of  the  system  Pt/PP  ( rv  Ip)  /  ClO^Li-PC  has  been 
measured  in  the  frequency  range  of  55  KH2  to  1  mHz  aV  different  poten 
tials.  At  low  frequencies  ( <  1  Hz)  and  positive  potentials  (PP  doped)- 
the  behaviour  is  similar  to  a  oapaoitor  with  very  high  capacitanoe 
(0,02  P/cm2).  This  result  agrees  with  that  obtained  in  oyclio  voltame 
tries. 

At  negative  potentials  (-1,0  V)  in  which  the  PP  film  is  not  oon 
ducting  the  capacitanoe  decreased  several  orders  of  magnitude,  being 
similar  to  a  platinum  electrode  partially  covered  by  a  porous  film 
(Figure  2). 

Batter>~  Experiments. 

LiAl/ClO^Li,  PC/PP  batteries  have  been  constructed  with  aluminium 
as  negative  electrode  and  platinum  as  positive  eleotrode  in  the  same 
electrolyte  to  deposit  the  PP  films  and  Li.  Figure  3  shows  the  first 
charge  ("formation")  and  discharge  of  this  battery. 

The  capacity  in  the  first  discharge  is  l6  $  of  that  employed  in 
the  first  charge.  In  the  following  cycles,  the  culombic  efficiency  is 
tetter  than  90  $  but  there  is  a  progressive  Iobs  of  charge  in  the  syjs 
tem  and  the  shelf-life  is  poor. 

Studies  are  continuing  to  improve  the  capacity,  cycle  life  and 
ehelf-life  of  polypyrrole  films  and  as  a  consequence  of  this  to  make 
the  utilization  of  PP  ae  a  secondary  battery  electrode  possible. 
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Figure  1:  CYCLIC  VOLTAMMETRY  OF  PP  IN  Cl  0*  Li  -PC 
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DISCHARGE  CURVE  OF  Li  Al  /  Cl  Ot  Li  -  PC /  PP  BATTERY 
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REDOX  HjCW  BATTERV  USING  Fe^/le2"  AND  Cr3+/Cr2"'  COUFLES 

P.  GARCES,  M.A.  CLIMENT+,  M.  LOFEZ  SEGURA  and  A.  ALDAZ 
Departamento  de  Cuimica-Hsica,  Universidad  de  Alicante,  Spain. 

+  E.U.  Ing.  Tecnica  de  Obras  Publicas,  Universidad  Folitecnica  de 
Valencia,  Spain. 


The  storage  of  electrical  energy  in  electrochemical  redox  systems 
is  particularly  useful  when  used  with  intermittent  energy  sources 
(solar,  wind,  etc.)  and  for  load  leveling  in  electrical  energy  net¬ 
works.  Th_s  redox  system  is  based  on  the  employment  o£  two  fulj^y 
soluble  and  highly  reversible  couples  such  as  ie  /f-e  and  Cr  / 
Cr"  ,  separated  by  a  selective  membrane. 

A  prototype  of  a  Ie/Cr  flow  redox  storage  system  (monopolar  type) 
using  a  f  i  1  ter  -press  ceil  has  been  bu|l^  <^r.  the  basis  of  research 
work  carried  out  in  different  centers  ’  '  .  Hie  electrodic  material 
were  bulk  nor.-catalyzed  graphite  for  both  couples,  fig.  1  shows  the 
scheme  of  the  cell  with  the  data  aiquisition  system. 

Iht  more  important  reason^  for^the  decrease  in  efficiency  art  the 
low  reversibility  of  the  Cr  /Cr  couple,  and  H?  evolution  that 
starts  vhen  75%  of  charge*  is  reached.  The  hysteresis  or.  the  open- 
circuit  voltages  for  charge  and  discharge  processes  is  attributed 
to  this  lack  of  reversibility,  fig.  2. 

These  reasons  mean  that  die  change  and  discharge  process  must  be 
performed  in  25-75%  state,  of  charge  range.  Mg.  3  shows  that  for 
states  of  charge  higher  than  75%  or  lower  than  25%  the  overpcter- 
tials  due  to  the  depletion  of  the  active  species  for  both  couples 
begin  to  contribute  remarkably  to  the  ceil  voitage. 

The  tenperature  has  an  important  effect  on  the  system  performance 
So  the  voltages  for  die  charge  process  decrease  and  the  ceil  volta¬ 
ges  for  the  discharge  process  increase  when  the  te  peratune  is  rai¬ 
sed.  This  happens  specially  in  the  hither  states  of  charge,  fig.  4. 

Table  I  shows  the  results  obtained  in  the  three  centers  develo- 
ppmg  le/f  r  redox  systems  (until  we  know). 


2.  o-  Charge 
•-  Cischarge 


3.  Polariaation  curves, 
o-  25*  state  o*  charge 

*•  SC* 
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TABLE  I 

COMPARISON  OF  THE  RESULTS  OBTAINED  WITH  ThE  REDOX  ENERGY  STORAGE  SYSTEM  Fe/Cr  BY  HFERENTS  CENTERS 

CENTER 

ELECTRODE: 

tipe/area  cm2 

CURRENT  DENSITY 

mA/c m2 

?c  w 

?vl*> 

7t<* 

ENERGY  POMER 

NASA 

Electrotech 

carbon  *elt 

310 

54.5 

99 

73 

72 

lOKmh-Um 

loboratory 

JAPAN 

Cep.  physical 

graphite  Mt 

432 

30 

B4.B 

81.6 

69.2 

BKuh-lKn 

« 

chemistry.  Univ. 

Alicarte.  SPAIN 

graphite 

400 

9 

81.2 

81.6 

66.3 

80wh~ 10m 

^.CURRENT  EFFICIENCY;  .  VOLTAGE  EFFICIENCY;  ^-ENERGY  EFFICIENCY 
■  only  tmo  electrodes.  No  shunt  losses 
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ELECTROCHEMICAL  AND  PHOTOELECTROCHEMICAL  BEHAVIOR 
OF  LANGMU I R - BLODGETT  MONOMOLECULAR  ASSEMBLIES  ON 
Au  AND  Sn02  ELECTRODES 

M.  FUJIHIRA  and  K.  NISHIYAMA 

Department  of  Chemical  Engineering,  Tokyo  Institute  of  Technology 
Ohokayama,  Meguro-ku,  Tokyo  152,  Japan 


Well  organized  molecular  assemblies  in  lipid  membranes  play 
an  important  role  in  charge  separation  in  photosynthesis  in 
plants.  For  designing  artificial  photosynthetic  molecular  systems 
for  solar  energy  conversion,  it  is  of  great  interest  to  mimic 
elaborate  arrangement  in  space  of  electron  donors  and  acceptors 
in  the  charge  separation  unit  of  biological  systems. 

In  the  present  paper,  we  will  describe  a  novel  molecular 
photodiode  which  is  fabricated  by  a  molecularly  ordered  film  on 
a  gold  optically  transparent  electrode  { Au  OTE)  or  an  SnC>2 
OTE  by  the  Langmuir-Blodgett  (L.B.)  method.  The  L.B.  film  is 
consists  of  viologen,  pyrene,  and  ferrocene  surfactant  deriva¬ 
tives  as  an  electron  acceptor  (A),  a  sensitizer  (S),  and  an 
electron  donor  (D)  component  of  the  photodiode,  respectively. 
Photoelectrochemical  properties  of  the  photodiode  were  investi¬ 
gated  by  using  an  electrochemical  cell  in  which  a  modified  Au  OTE 
(or  Sn02  OTE),  a  gold  plate  ,  and  a  saturated  calomel  electrode 
(SC E)  were  used  as  a  working,  a  counter,  and  a  reference  elect¬ 
rode,  respectively.  When  A,  S,  and  D  surfactant  layers  were 
deposited  in  this  order  on  the  electrode  surface,  anodic  photo¬ 
currents  were  observed  as  we  would  expect.  On  the  other  hand, 
cathodic  photocurrents  were  observed  on  the  electrodes  where  the 
surfactants  monolayers  were  deposited  in  the  reversed  order.  The 
effects  of  pH,  electrode  potentials,  and  number  of  layers  on  the 
photoelectrochemical  responses  will  be  presented  together  with  UV 
absorption  and  emission  characteristics  of  the  L.B.  films. 
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DYE  SENSITIZATION  OF  RHODAMINE  B  AND  Ru(bpy>32+ 
SURFACTANT  DERIVATIVES  ON  Au  AND  Sn02  OTE 

M.  FUJIHIRA,  K.  AOKI,  S.  INOUE, 

H.  TAKEMURA  and  S.  AOYAGUI 

Department  of  Chemical  Engineering,  Tokyo  Institute  of  Tech¬ 
nology,  Ohokayama,  Meguro,  Tokyo  152  (Japan) 


Recently  the  dye  sensitization  of  semiconductors  has 
become  of  great  interest  in  the  fields  of  solar  energy  conver¬ 
sion  and  photographic  science.  The  research  on  dye  sensitiza¬ 
tion  has  a  relatively  long  history,  but  there  remain  many 
fundamental  problems  still  unsolved.  These  are,  for  example, 
the  mechanisms  and  kinetics  in  terms  of  the  elementary  pro¬ 
cesses  and  the  relation  between  the  quantum  efficiency  and 
the  basic  characters  of  dyes  and  semiconductors  in  terms  of 
geometry  in  atomic  or  molecular  sc^ale  and  of  their  electronic 
structures.  Very  recently,  however,  some  of  them  have  been 
going  to  be  clarified  by  remarkable  development  in  measuring 
and  in  sample  preparation  techniques  such  as  fast  kinetic 
spectroscopy  and  molecular  architecture,  respectively.  Pre¬ 
sently,  as  the  former  practice,  laser  flush  photolyses  in  nano- 
and  pico-second  time  scales  are  readily  available,  while,  for 
the  latter,  chemical  modification  and  the  Langmuir-Blodgett 
(L.B.)  method  are  widely  used. 

In  the  present  work,  several  surfactant  derivatives  of 
rhodamine  B  and  Ru(II)  complexes  with  two  long  alkyl  chains 
were  synthesized.  The  surfaces  of  optically  transparent  Sn02 
and  vapor-deposited  gold  film  electrodes  were  modified  with  the 
L.B.  films  of  these  surfactants.  Photoelectrochemical  charac¬ 
teristics  of  the  monolayer-modified  electrodes  thus  prepared 
(photocurrent(ip)  spectra,  ip-E  curves,  pH  dependence  of 
ip,  etc.)  together  with  the  physicochemical  properties  of 
L.B.  films  on  the  electrodes  and  on  glass  plates  (UV  absorption 
and  emission  characteristics)  will  be  discussed  in  terms  of: 

i)  the  surface  concentrations  of  the  sensitizer  (i.e.  the 
dye)  in  a  mixture  of  the  dye  surfactant  and  arachidate  (or 
other  aliphatic  acid  salts), 

ii)  the  distance  of  the  chromophore ( i . e .  the  dye  moiety  of 
the  sensitizer  surfactant)  from  the  electrode  surface, 

iii)  the  orientation  of  the  surfactant  in  the  film,  i.e.  the 
direction  of  the  sensitizer  head  group  toward  or  apart  from  the 
electrode  surface, 

iv)  the  numoer  of  the  dye  surfactant  layers  or  the  number  of 
the  arachidate  layers  as  a  spacer  intervening  between  the  dye 
surfactant  and  the  electrode  surface. 
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THE  OXIDATION  OF  HCOOH  AT  A  Pt  ANODE 
PARTIALLY  COVERED  BY  COPPER 

Ines  T.E.  FONSECA  and  Ana  C.S.S.  MARIN 
CECUL,  Rua  da  Escola  Politecnica,  58,  1294  Lisboa  Codex (Portugal) 


It  is  widely  accepted  that  the  oxidation  of  formic  acid 
occurs  by  the  mechanism  first  proposed  by  Capon  and  Parsons1 , i .e. 

Pt 

HCOOH  — ►  Pt-H  +  Pt-COOH  (1) 


fast 

Pt-H  -  e  — Pt-H  (2) 

fast 

Pt-COOH  -  e  — *■  Pt  +  C02  +  H+  (3) 


where  reaction  (1)  is  the  rate  controlling  step.  But,  the  rate 
of  the  reaction  can  rapidly  be  reduced  due  to  the  formation  of 
surface  poisons,  by  side  reactions  such  as. 


Pt-COOH  +  2  H  , 
ads 


Pt\ 

Pt— ^C 


Pt- 


OH  +  H20 


(4) 


2  3  4  5 

It  has  been  demonstrated  by  ourselves  and  other  workers  '  ' 
that  the  role  played  by  adatoms,  i.e.,  Pb,  3i,  Tl  and  Cd,  on  the 
oxidation  of  HCOOH  is  due  to  special  structural  units  created  on 
the  Pt  surface  by  such  adatoms.  The  most  active  surfaces  have 
shown  to  be  the  ones  having  a  large  number  of  Pt  sites  where  there 
are  two  adjacent  Pt  atoms  (for  reaction  (1)  to  occur) ,  but  few 
sites  with  three  adjacent  Pt  atoms  where  poisson  can  form. 

Quite  recently  Scortichini  et  al.6  have  observed  that  Cu 
adatoms  form  preferentially  at  certain  Pt  crystal  planes.  On  the 
otherhand,  Clavilier  et  col.7  have  shown  that  the  rate  of  the 
oxidation  of  HCOOH  is  quite  different  on  the  various  single  crys 
tal  faces  of  Pt.  The  most  active  plane  have  shown  to  be  the  Pt(100). 

In  our  previous  studies  with  Cu  adatoms  (10-2M<Cu2+<  10-2m), 
instead  of  a  catalytic  effect  a  small  inhibition  was  observed  for 
the  oxidation  of  HCOOH  in  the  presence  of  Cu2  +  8.  However,  by  the 
time,  we  were  not  convinced  that  the  best  catalytic  surface  has 
been  achieved.  Thus,  we  have  decided  to  carry  on  such  studies, 
using  different  limits  of  potential,  different  time-scales,  and 
different  Cu2+  concentrations.  We  have  avoid  conditions  for  multi 
layer  formation®. 

Figure  1  shows  the  results  obtained  for  the  oxidation  of 
HCOOH  in  1M  H2S04+  x  M  CuS04  at  v  =  0.2  V  s-1. 
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TABLE  1 .  Peak  current  for  the  oxidation  of  0 . 1M  HCOOH  at  0.55  as 
a  function  of  holding  time  at  0.25V,  in  the  presence  and 
absence  of  Cu^*.  v  =  0  .  IV  s~*. 


E*c  ■ 

0.25V 

Ip  /  „A  cm  2 

0.1M  HCOOH  + 

*  1  x  lO*5  Cu2  + 

Ip  /  mA  cm'2 
0.1M  HCOOH 

I 

t/s 

«Pt 

6Cu 

1P 

0 

0.03 

659.1 

303.9 

2.2 

10 

0.07 

181.8 

110.5 

1.6 

20 

0.09 

136.4 

82.9 

1.6 

30 

0.11 

119.3 

69  .  1 

1.7 

60 

0 .14 

102.3 

62.2 

1.6 

120 

0.20 

82.9 

2  0 

— 

The  reason  why  Cu  ad-atoms  do  not  catalyse  significantly  the 
oxidation  of  HCOOH  looks  most  likely  to  be  related  to. its  depos_i 
tion  process.  As  it  has  been  referred  by  Bruckenstein5  ,  at  low 
coverages  Cu  ad-atoms  do  not  deposit  on  Pt  (100)  ,  the  plane  res¬ 
ponsible  for  most  of  the  oxidation  of  HCOOH'. 
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—  lx  10_4M  Cu2+ 
.  1  x  10"5M  Cu2+ 


1  x  10"6M  Cu2+ 


/  h  V 
[*,•*  /  /  \V 

i  /  / 

jj: 


1.25  V  *x  NHE 


Fig.  1.  First  anndic  cycle  for  the  systans:  1M  H2SC>4  +  0.1M  HCCOH  + 
+  x  M  CuS04/Pt,  where  x  =  0,  10~4,10-5  and  10“6m. 

Real  areas  of  the  Pt  electrode  0.310  cm2. 

Results  have  shown  for  the  first  time  a  catalytic  effect  on 
the  oxidation  of  HCOOH,  in  the  presence  of  small  amounts  of  Cu2+ 
( 10— 4  -  10-6M) .  An  enhancement  in  the  peak  current  and  in  the 
oxidation  charge  is  observed  either  for  peak  I  (Ep  =  0.55V)  and 
for  peak  II  (Eg*  z  1.0V).  The  enhancement  ratio  is  of  the  order 
of  two. 

Degrees  of  coverage  of  Pt  by  Cu  ad-atoms  (e-j  were  calculated 
by  integration  of  the  stripping  peaks  for  copper  clesadsorption  at 
0.8  V  v£  N.H.E.  The  degrees  of  coverage  obtained  from  solutions 
10-4,  10~5  and  lO'^M  in  Cu2  +  were  calculated  from  voltammograms 
run  in  the  same  conditions  as  in  fig.  1  and  the  values  are  res¬ 
pectively  8%,  3%  and  2%.  Therefore,  it  looks  likely  Cu  ad-atoms 
do  enhance  the  oxidation  of  HCOOH  (f  -  2) ,  but  only  at  very  low 
coverage . 

The  effect  of  holding  the  electrode  at  certain  cathodic 
limits,  during  different  times  in  a  solution  1M  H2SQj+0.1M  HCOOH 
in  the  absence  and  presence  of  Cu2  +  was  studied.  ^Some  of  the 
results  obtained  from  cyclic  voltammograms  are  summarized  in 
table  1. 

Similar  results  were  obtained  when  the  cathodic  limit  was 
0.03,  instead  of  0.25  V. 
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DISCHARGE  BEHAVIOUR  OF  A  REDOX  THERMOGALVANIC 
AND  CONCENTRATION  CELL 

J.M.  HORNUT  and  A.  STORCK 
CNRS-ENSIC,  1  rue  Grandville 
54042  NANCY  CEDEX  (FRANCE) 


A  thermogalvanic  cell  can  be  defined  as  a  thermoelectrical  process 
allowing  the  direct  conversion  of  thermal  energy  into  electrical  energy 
Principle  of  such  a  cell  consists  of  performing  an  oxidoreduction  reaction 
between  a  hot  electrode  and  a  cold  electrode;  both  of  them  are  of  the  same 
nature. Art  electromotive  force  appears  between  the  electrodes  and  its  value 
is  related  to  temperature  gradient  (T-]  -  T2)  and  to  specific  temperature  coef¬ 
ficient  (dE°/dT)  of  considered  redox  reaction. 

Besides,  a  concentrat ion  cell  directly  converts  chemical  energy  into 
electrical  energy  and  consequent  electromotive  force  is  a  function  of  concen¬ 
tration  ratio  (Ox/Red)  for  involved  redox  couple. 

Practical  processing  of  such  devices  is  far  from  easy  since  several 
technical  constraints  must  be  regarded  : 

(i)  distance  between  electrodes  has  to  be  very  small  to  minimize 
ohmic  drop  of  potential. 

(ii)  Temperature  or  concentration  gradient  must  be  kept  at  a  cons¬ 
tant  value  while  avoiding  short  circuit  between  the  electrodes. 

(iii)  Power  losses  due  to  activation  overpotential  at  the  electrodes 
have  to  be  as  low  as  possible. 

The  present  work  deals  with  results  of  a  theoretical  and  experimen¬ 
tal  study  of  a  thermogalvanic  and  concentration  cell,  whose  device  is  depic¬ 
ted  in  Fig.  1.  The  reactor  is  a  parallel  plate  cell.  This  one  allows  the  exis¬ 
tence  of  two  distinct  electrolyte  flows  along  the  electrode  surfaces.  In  case 
of  a  well  established  and  regular  regime,  two  thermal  boundary  layers  (or 
concentration  boundary  layers)  with  increasing  thickness  are  developped  at 
the  contact  plan  zone  of  the  two  fluids,  thus  lessening  the  short  circuit. 

Presented  results  were  obtained  with  Ferri-/Ferrocyanide  redox  couple 
in  NaOH  aqueous  medium;  this  system  was  chosen  for  its  very  satisfactory  e- 
lectrochemical  properties  (electrochemical  kinetics  and  specific  temperature 
coefficient).  Performance  of  the  device  described  above  was  optimally  deter¬ 
mined  from  numerous  experimental  trials.  In  addition,  these  results  make  it 
possible  to  deduce  the  influence  of  main  physical  parameters  (flow  velocity, 
interelectrode  gap,  presence  of  separator  or  not,  physicochemical  properties 
of  fluids)  on  the  recovered  electrical  power  and  the  heat  or  mass  flows  ex¬ 
changed  at  the  interface.  Under  best  experimental  conditions,  specific  powers 
obtained  do  not  exceed  some  W/m^  for  a  thermal  gradient  of  40°C  or  a  concen¬ 
tration  ratio  close  to  100. 
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In  absence  of  a  separator ,  if  the  existence  of  a  mixing  zone  between 
the  two  laminar  flows  is  assumed,  an  hydrodynamical  model  allows  a  quanti¬ 
tative  determination  of  fluxes  exchanged  at  the  interface  for  both  heat  and 
mass  transfers.  Under  the  definite  conditions,  the  order  of  magnitude  of  the 
mixing  zone  thickness  may  be  deduced  from  experimental  results;  furthermore, 
these  results  point  out  an  excellent  analogy  between  both  kinds  of  transfer. 

A  cellophane  separator  considerably  hinders  heat  or  mass  short  cir¬ 
cuit  without  any  increase  of  the  total  generator  resistance,  thus  implying 
an  important  enhancement  of  the  energetic  cell  performance. 

Reference 

(1).  W.  VIELSTICH,  "Fuell  cells",  pp  345-361.  Wiley  Intersciences,  New  York 
(1960). 

Figure  caption 

Figure  1.  Scheme  of  principle  of  experimental  device  :  thermogalvanic  cell 
and  concentration  cell. 


FIGURE  1 
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EVOLUTION  IN  THE  PC® OS ITT  0?  THE  LEAD  DIOXIDE  ACTIVE  MASS 
DURING  CYCLING  AND  PHENOMENA  LEADING  TO  ITS  DESTRUCTION 

D. PAVLOV  and  E.BASHTAVELOVA 
Central  Laboratory  of  Electrochemical  Power  Sources 
Bulgarian  Academy  of  Sciences,  Sofia  1040,  Bulgaria 


A  survey  of  recent  literature  (1,2)  on  the  behaviour  of 
the  positive  active  mass  (PAM)  of  the  lead-acid  battery  during 
cycling  shows  that  there  is  no  general  agreement  for  the  causes 
of  its  degradation.  Recently  we  advanced  a  model  (3)  for  the 
structural  organisation  of  PAM,  according  to  which  it  comprises 
two  levels:  microstructure  -  built  up  of  small  Pb02  crystallites 
organised  in  a  porous  agglomerate  and  macros  true  ture  or  skele¬ 
ton,  where  the  individual  agglomerates  are  linked  in  a  macro- 
porous  skeleton,  mechanically  supporting  the  PAM,  conducting 
the  electric  current,  and  acting  as  a  memory  into  which  the  te¬ 
chnology  of  the  PAM  preparation  is  stored.  During  cycling  the 
agglomerate  macrostructure  desintegrates  to  separate  crystalli¬ 
tes.  The  contact  between  them  deteriorates  and  the  capacity  ra¬ 
pidly  decays.  Hence,  the  destruction  of  the  structural  organisa¬ 
tion  of  PAM  determines  the  life  of  the  plate.  It  is  the  aim  of 
this  paper  to  elucidate  the  phenomena  leading  to  this  destruc¬ 
tion. 

A  variety  of  PAM  structures  was  prepared  by  using  pastes 
with  different  phase  composition:  PbO.PbSO.,  tet-PbO,  JPbO. 
PbS0^.H20,  and  PbO.PbSOj.  Positive  plates  with  these  4  types  of 
PAM  were  cycled  to  a  80%  depth  of  discharge  and  30%  utilization 
of  PAM.  Following  cycling  we  measured  the  pore  volume  distribu¬ 
tion  (Hg  porometry),  the  BET  surface  area,  the  apparent  densi¬ 
ty  (Hg  pycnometry),  and  the  plate  thickness  in  charged  and  dis¬ 
charged  state.  Table  1  presents  the  pore  volumes  and  the  appa¬ 
rent  densities  of  charged  PAM' a  of  the  4  types  of  plates  at  the 
5th  and  30th  cycles.  The  data  reveal  that  during  cycling  struc¬ 
tural  changes  occur,  resulting  in  the  increase  in  the  pore  vo¬ 
lume  and  a  decrease  in  the  apparent  density  of  the  PAM's. 

Table  1 


PAM  formed 
from 

5th  cycle  j 

30th  cycle 

V(ch) 

cm^.g”1 

apparent 

density 

g.cm"5 

V(ch) 

cm^.g-1 

apparent 

density 

-3 

g.cm 

3Pb0PbS04H20 

0.115 

4.3419 

0. 137 

3.9105 

tet-PbO 

0.092 

4.8240 

0.102 

4.2892 

PbOPbSO^ 

0.183 

3.3300 

2.6885 

4PbOPbSCL 

4 

0.115 

4.5013 

0.134 

3.6789 
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Table  2  shows  the  evolution  of  the  average  plate  thickness 
■eaeurefl  at  several  fixed  points  of  the  plate  in  charged  state, 
discharged  state  and  after  storage  for  16  hrs  in  the  electroly¬ 
te  at  open  circuit  (GC). 

The  juxtaposition  of  the  data  for  the  5th  and  50th  cycle 
reveal  that  the  plate  thickness  grows  during  cycling.  The  thicke¬ 
ning  of  the  plate  depends  on  the  rigidity  of  the  skeletal  struc¬ 
ture.  It  is  largest  for  PAM  prepared  from  PbO.PbSO, ,  which  is 
the  least  stable  and  sheds  readily.  On  the  other  hand,  the  thick¬ 
ness  of  the  plate  prepared  fro®  APbO.PbSO.,  is  practically  con¬ 
stant.  This  PAM  is  known  as  the  stoat  stable  and  plates  prepared 
fro®  it  have  the  longest  cycle  life  (3). 


Table  1 


PAM  formed 

fro® 

5th  cycle 

30th  cycle 

char. 

Ml 

disch. 

ma 

disch. 

♦OC 

BSD 

char. 

disch. 

mm 

disch. 

imn 

.  char 

am 

3Pb0PbS04H20 

2.390 

2.440 

2.410 

2.790 

3.010 

2.820 

2.790 

tet-PbO 

2.380 

2.420 

2.410 

2.580 

2.750 

2.590 

2.590 

PbOPbSO 

2.580 

2.740 

2.630 

3.260 

3.610 

3.280 

3.260 

4Pb0PbS04 

2.660 

2.690 

2 #670  ! 

2.660 

2.860 

2.760 

2.660 

Table  2  presents  the  change  in  the  plate  thickness  within 
one  charge-discharge  cycle  and  reveals  that  the  charged  plates 
are  thinner  than  the  discharged  ones.  It  is  also  seen  that  the 
thickness  of  discharged  plates  stored  at  OC  in  the  electrolyte 
decreases.  Consequently,  the  PAM  "breaths"  during  each  charge- 
discharge  cycle,  whereby  during  the  discharge  mechanical  stress¬ 
es  are  generated  within  its  structure  and  the  plate  expands.  Du¬ 
ring  storage  and  charging  these  stresses  are  released  as  a  res¬ 
ult  of  the  recrystallization  processes  and  the  plate  contracts. 

The  SEM  observations  (Fig.1)  of  the  crystal  morphology  of 
PAM  after  charge,  after  discharge  and  after  storage  at  OC  in  the 
electrolyte  are  in  accordance  with  the  above  findings.  Fragments 
of  PbSC>4  crystallites  which  are  not  well  formed  (Fig.  1b)  and  are 
strongly  attached  to  the  PAM  are  observed  after  discharge. Since, 
the  molar  volume  of  PbSO.  is  larger  them  that  of  PbO-,  the  PbSO. 
crystallites,  linked  to  the  skeleton, will  generate  internal  str¬ 
esses  during  their  growth, causing  an  expansion  of  the  macrostruc¬ 
ture.  If  the  skeleton  is  not  rigid  enough, it  will  begin  to  swell. 
During  storage  at  OC  dissolution  of  the  non-equilibrium  PbSO, 
crystallites  and  the  subsequent  deposition  of  PbS04  onto  equili¬ 
brium  crystals  occurs.  As  a  consequence,well  shaped  PbSO,  crys¬ 
tallites  are  formed  (Fig.l-c).  Fig.1  reveals  that  the  discharge 
process  comprises  the  electrochemical  reaction  of  the  reduction 
of  PbOp  to  PbSO,  as  well  as  the  recrystallization  process, where 
in  the£‘Pb2+  ions  are  transferred  along  the  pores  and  deposited 
on  equilirium  PbSOA  crystallites. When  the  latter  process  takes 
place, then  the  oxidation  of  the  PbSO^  crystallites  to  PbO-  du¬ 
ring  the  recharge  will  be  modified  accodingly. 


Pig.  1 

Indeed, as  seen  from  the  curves  in  Pig. 2  the  recharge  of  PAM 
stored  at  OC  in  the  electrolyte  occurs  at  a  higher  polarization 
than  in  the  case  when  the  plate  is  charged  immediately  after  its 
discharge. 


charge  aft*'  open  c**vu>»  tr*"# 


chd'g*  .m*r*<j.al*ly  of t*r  d.sc^a'3* 


60  90 

Tim*,  mif» 


In  the  initial  cycles,  when  the  skeleton  is  still  rigid 
enough  it  can  support  the  mechanical  stresses  generated  during 
cycling.  With  the  increase  of  the  number  of  cycles  the  rigidity 
of  the  skeleton  decays,  the  volume  changes  augment,  and,  as  a 
consequence,  the  swelling  of  the  PAM  grows.  This  in  turn  facili¬ 
tates  the  deterioration  of  the  contacts  between  the  agglomerates 
and  leads  finally  to  the  ultimate  failure  of  the  battery. 

1 .  A. C. Simon, S.M.Caulder, J.T.Stemmle, J.Electrochem.Soc.  122,4-61 
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2.  S. M. Caulder, J.S. Murday, A. C. Simon, J.Electrochem.Soc. 120, 151 5 
(1973) . 

3.  D.  Pavlov, E.Bashtavelova,  J.Electrochem.Soc.  1_31_,  14-68  (1984). 
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STUDY  OF  CdTe /ELECTROLYTE  INTERFACE  :  FLAT- BAND  POTENTIALS, 
PHOTOCURRENT  AND  PHOTOCORROSION 
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The  CdTe/electrolyte  interface  has  been  extensively  studied  for 
its  photovoltaic  energy  conversion  capability.  In  the  present  work  we  pre¬ 
sent  the  flat-band  potential  determination  and  consequently  energy  band  dia¬ 
gram  of  n-  and  p-  type  CdTe  in  differents  electrolytes  (pH  =6.7  and 
14)  and  the  I-V  curves  both  in  the  dark  and  under  illumination.  Thus  an  at¬ 
tempt  to  explain  the  behavior  of  this  interface  and  determine  its  possibility 
of  solar  energy  conversion. 


Experimental 

CdTe  monocrystals,  n  (In  doped)  and  p  (As  doped)  have  been 
used.  Samples  have  been  etched  with  Br£  -  methanol  (5  1)  solution.  We  have 
prepared  in  the  laboratory  the  Na2Te  solutions  almost  following  the  publis¬ 
hed  procedure  (1)  and  preventing  the  solution  from  oxygen. 

Flat  band  potential  determinations 

The  flat  band  potential,  Vf_b  ,  have  been  determined  using  three 
differents  techniques.  Impedance  diagrams  and  capacity  measurements  allow  us 
to  draw  the  Mott  Schottky  diagrams  (2)  ;  a  typical  set  of  results  is  shown  on 
figure  1.  The  Rectified  Alternating  Photocurrent  Voltammetry  (RAPV)  have 
been  used  (3).  A  new  promising  method  :  the  Light  Modulated  Induced  t-.lectrical 
Resonance  (LMIER)  have  also  been  used  (4).  Typical  curves  obtained  by  this 
last  method  are  shown  on  figure  2.  All  the  results  represent  the  average  ob¬ 
tained  from  several  determinations.  The  determinations  of  V’fb  have  been  car¬ 
ried  out  in  two  differents  electrolytes  :  NaC104  (0.1  M  ;  pH  =  6.7)  and 
NaOH  (5  M)  ♦  0.012  M  Na2Te  (pH  =  14)  .  Results  can  be  seen  on  Table  1. 

Table  1  :  Flat  Band  Potentials  (V/SCE) 


Semiconductor 

Mott  Schottky 

RAFV 

LMIER 

pH  =  6.7 

pH  =  14 

pH  =  6.7 

pH  =  14 

pH  =  6.7 

pH  =  1 4 

n  CdTe 

-  1.34 

-  2.10 

-  1.15 

-  1.5 

-  1.31 

-  1  .68 

p  CdTe 

+  0.06 

-  0.60 

- 

-  0.65 

- 

-  0.32 

^Present  adress  :  Lab.  F.lectrochimie,  ULP,  B.P.  296,  67008  STRASBOURG  CEDEX, 
FRANCE. 
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The  results  obtained  by  RAPV  seem  us  more  difficult  to  agree  with 
because  the  difference  between  the  n  and  p  type  Vf_^  is  far  from  the 
energy  gap  of  CdTe  .  Generally  the  RAPV  method  give  the  Vons~t  (onset  of 
photocurrent)  rather  than  Vf^  .  Impedance  and  LMIER  determined  Vfb  are 
also  different  although  the  difference  between  Vf^  fn  type)  and  Vfb 
(p  type)  give  us  the  energy  gap  of  CdTe  with  a  good  aproximation.  There  is 
also  some  discrepancies  between  the  published  results  (1,5).  We  note  a  varia¬ 
tion  of  Vfv  with  pH  which  have  been  discuss  in  the  litterature  (1,5)  and 
may  be  related  to  etching  procedures.  LMIER  results  seem  more  coherent  with 
litterature  but  we  have  not  yet  explanations  for  the  discrepancy  of  impedance  ' 
method.  With  LMIER  results  we  can  draw  the  Energy  Diagram  of  the  n  and  p 
CdTe/NaOH  +  NY^Te  interface  (figure  3). 

Photocurrent  and  Photocorrosion  current 


On  the  figure  4  we  reported  the  dark  and  illuminated  I-V  curves 
for  three  systems.  If  we  take  into  account  the  possible  decomposition  of  CdTe 
(5b)  which  could  correspond,  at  pH  =  14  ,  to 

E°  =  -  0.54  V/SCE  for  CdTe  +  2  OH'  ♦  2  p+ - ►  4  CdO,'  ♦  H+  ♦  Te 

and  E°  =  -  1.68  V/SCE  for  CdTe  <■  2  e" - *  Cd  ♦  Te" 

some  conclusions  can  be  drawn  from  these  curves.  The  current  we  measured  in 
the  CdTe/NaC104  system  (Fig.  4c)  is  only  a  photocorrosion  current.  It  could 
he  the  same  phenomenon  with  all  redox  couples  which  have  a  standard  redox  po¬ 
tential  higher  than  -  0.5  V.SCE  .  In  the  -  0.8  to  -  0.2  V  range  the  re¬ 
combination  of  electron-hole  pairs  seems  to  be  very  important  (6).  The  current 
obtained  in  the  CdTe/NaOH  +  NaoTe  system  (fig.  43)  on  the  contrary  is  a  pho¬ 
tocurrent  which  could  be  used  for  photovoltaic  conversion. 
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OPTIMIZATION  OP  THE  ELECTROCHEMICAL  PROCBHd 
TAKING  PLACE  IN  A  METHaNQL-HIDRQGEN  PEROXIDE  FUEL  CELL 

SIRBAN  AGaCHI  and  LIVIU  ONICIU 
Faculty  of  Chemical  Technology,  University  of  Cluj  -  Napoca, 

Romania 


1  2 

In  previous  studies  ’  ,  the  optimization  problem  of  a  3* 
laboratory  fuel  cell  was  approached  from  the  current  density  ma¬ 
ximization  point  of  view.  A  following  study  dealt  with  the  op¬ 
timization  of  a  230  M  model,  by  means  of  a  factorial  experiment, 
the  fuel  cell  power  being  optimized.-5  The  results  of  the  expe¬ 
riment  were  used  in  the  design  of  a  10  let  fuel  cell,  whose  opti¬ 
mization  was  economically  approached. 

A  simplified  flow-sheet  of  a  methanol-hydrogen  peroxide 
fuel  cell  plant  is  shown  in  fig.  1. 


Fig.  1 

Because  the  operational  costs  of  a  fuel  cell  plant  ^are  ex¬ 
tremely  reduced  (due  to  tne  high  efficiency  of  the  cell)  ,  the 
optimization  wes  a  task  of  minimizing  the  investment  effort. 

The  objective  function  developed 

cost  of  fuel  cell. storage  tanks. heat  exchangers. pumps ^pipes 
ym  total  delivered  energy 

,  ,  U) 

depends  on: 

a.  fuel  concentration  in  electrolyte  (C  } \  the  relation  between 


fuel  and  oxidant  concentrations  is? : 
CQ  K/* 


Kc  zc  rc 

*7  *  V  *  r; 

b.  electrolyte  temperature  (T4) 

c.  electrolyte  flow  through  tne  battery  (F  i). 

Relation  (1)  is  subjected  to  the  following  constraints! 


(2) 
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0,1  *  C  <  2,5  M 

293  ^  313  K  3/  C3) 

0,001  ^  0,003  nr' 3  v-5' 

These  are  Imposed  by  the  hydrogen  peroxide  maximum  allotted  con¬ 

centration,  by  the  high  vapor  pressure  of  methsnol  at  higher 
electrolyte  temperatures  and  by  energy  consumption  at  higher 
flows. 

The  components  of  the  objective  function  are  the  equipment 
costs,  calculated  with  the  general  formula?! 

C  -  ec  Df  (4)  ‘ 

Fuel  cell  battery  cost 

fuel  cell  cost  can  be  considered  proportional  to  the  elect¬ 
rode  area«  c  „  -  o< .  „  a  ,  (5) 

bat  bat  el 

bat  waa  calculated  taking  into  account  the  cost  of  raw  mate¬ 
rials  used  in  the  manufacturing  of  electrodes  (Pd  Cl.,  Ag,  hi) 
and  the  cost  of  work  of  manufacturing  tne  cell  stack. 

The  value  thus  calculated  waa 
*bat  "  ?569  lei/mS 

The  electrode  area'1  was  expressed  by  means  of  the  following 
relations 

Ael  U.  0,0022  Dt  Re0’8'*5  Sc "jT 


z  F  (Cc/de) 


(6) 


Thus,  the  battery  cost  became! 

Cbat  a  14719  p  0757573 - 


el 

.3 


med 


Storage  tanks  cost' 

C_„„  L  -  124346  F0’44 

3 

<=pc  1  •  ac>87 

Pipes  cost5 


rez 

Centrifugal  pumps  cost 


0,4 


Ccond  "  664-, 8. Fe^ 

The  cost  of  piping  is  referred  only  to  tne  piping  of 


(7) 


(8) 


(9) 


(lo) 


electrolyte. 

Heat  exchangers  cost'' 

TET  cost  of  the  tfwo  heat  exchangers  ixjlied  in  maintaining 
the  temperature  at  the  desired  level  was  caJ'  mated  with  the 
same  general  relation  (5)*n  7^ 

c__.  >  8323 


where 


A 


'sch  "  sch 

_  4424602  gel  (Tel  -290) 


3ch  fra  (Tei-280)  [3,178  -  log  (323-Tel)] 


(11) 

(12) 


Optimization 

A  New ton— type  optimization  method  was  U3ed  in  order  to  de- 
termine  the  optical  working  parameters  (Cmed  opt.  Fq1  opt»Te]_  opt9 

The  method  was  that  of  Davidon-Fletcher-Powell  which  approximate 
the  hessian  matrix  on  its  inverse,  using  the  information  from 
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first-order  derivative^.  The  computing  algorithm  ia 

x(k+l)  _  x(k)  +  A(k)  £  U)  (13) 

where  x(k+l)and  xCk)  e  vectorg  calculated  in, two  different 
successive  stages,  X*  the  step  of  searching  and  ‘s^  '  the  search¬ 
ing  direction  matrix. 

A  computer  program  has  been  prepared,  structured  as  it  fol¬ 
lows  (fig. 2) i 


DFF  -  Davidon-Fletcher-PoweH 
subroutine 

DEE IV  -  subroutine  calculat¬ 
ing  the  derivative  of 
object  function 
MODEL  -  subroutine  calculat¬ 
ing  the  components  of 
object  function 
EXUNID  -  subroutine  explor¬ 
ing  the  direction  of 
one  parameter 

TE3TIP  -  subroutine  testing 
the  reaching  of  optim 


Conclusions 

The  results  snow  an  investment  decreasing  from  197742  lei/ 
kWh  (Cmed-  2, 5M,  Tel-  313  K,  F#1-  0,003  mVs)  to  25070  lei/kfh' 

^Cmed  -  2,05  M,  Tel  =*  300  k,  ?  0,001  m^/s).  Due  to  the  savin® 

in  using  fuel  and  oxidant  (7,67*  methanol  and  7,7%  hydrogen  per¬ 
oxide  ),  the  cost  of  a  kWk  was  reduced  from  0,96  lei  to  0,91  lei. 
Nomenclature  - 

oxidant  and  fuel  concentration  (kmol/nr) 

mass  transfer  coefficients  of  oxidant  and  fuel  species(m/s) 
adimensional  current  densities 
electrolyte  temperature  (°C) 
flow  of  electrolyte  (ar/s) 
equipment  cost  (lei) 

cost  coefficients  gpecific  to  each  type  of  equipment 
electrodes  area  (i j 

power  delivered  by  the  fuel  cell  battery  (k'W) 
cell  voltage  (V)  p 

Du  diffusion  coefficient  (m  /s) 

Re , 


K°'C 

jC.O 

-fc.0 

F® 

P®1 

U 


& 
*TT 


,3c  criterial  numbers 

Faraday  number  (C/kmol) 
equivalent  flowing  diameter  (m)2 
heat  transfer  coefficient  (>.I/m  j£) 
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BROMINE  DOPED  POL YD I THI ENOTHI OPHEME ( C ATHODE  ACTIVE  MA1ERIAL  IN 
AQUEOUS  MEDIUM. 


M. BISERNI , P. BUTTOL , A . MAR I N ANGEL I , M. MASTRASOST I NO 

Istltufe  chlmlco  G  .  C  i  an  i  c  1  an  dal  l'Un  t  vtrti  ta'  d  i  Bolosna 

(Italy) 


1_  3 

At  much  sci  entitle  work  has  been  davotad  to 

organic  conducting  polymers  bedauta  of  the  large  field  of 
potential  applications  (as  electrode  materials  of  r echargeab 1  a 
batteries  or  as  e J ec t r c -op t i c  display  dev i cas , • tc . ) . The  main 
interest  concerns  their  ability  to  be  switched  by  chemical  or 
e  1  e' t  r  or  h*m  i  r  a  1  doping  a  neutral  (non  conducting)  state 

to  an  oridi rad  or  reduced  conducting  state. 

Recently  we  have  e 1 ec t rosy n that i zed  4  a  new  conducting 
pol ymer : po ) yd i t h i eno (3 , 2-b : 2, 3-d ) th iophene  (pDTT)  with  a 

doping  level  of  30%  (ccjntaraniom  CIO^  ,  PF~  >.Thls  doped 
polymer  was  e 1 ec t r ochem i cal l y  prepared  at  controlled  current 
(0.3  -  )  mA/cm2  )  or  at  controlled  potential  (1.4  V  vs.SCE)  or. 

Pt , SrOj  and  glassy  carbon  electrodes  in  degassed  and  anhydrous 
electrolytic  medium  formed  by  CH  jC  l  j  , the  monomer 
d  i  t  h  i  eno  ( 3 , 7-b  ■  ? , 3-d  )  t  h  i  ophene  (Fig. 11  and  t  etr  abut  y  1  amnion  i  un> 
s  »  1  *  s  . 


Fig. l.Dithi#no(3,2-b:2, 3-d) thiophene  ! DTT ) 

In  CHjC  l  2  /  t  et .- abu  t  y  1  ammon  i  uni  perchlorate  (TBAP)  the 
•  nodical  I)'  synthesized  doped  pDTT  can  release  ar.d  store  charge 

eoual  to  20%  of  the  charge  involved  in  its  initial 

e  1  ec  t  r  ochem  i  ca  ’  prapar  at  ior.  !  .In  the  same  electrolytic  medium 
doped  pDTT  presents  some  attractive  features  relevant  to  its 
aopl icat ion  as  cathode  active  material  in  battery 
technology, e. g a  high  doping  level  (which  corresponds  to  a 
capacity  of  33  mAh/g  with  CIO"  as  counter  an  i  or. ),  an  initial 
value  of  '.,0(.  of  ca.  1  V  vs.SCE  .high  values  ot  the  charge 
recovered  at  constant  current  up  to  0  V  vs.SCE  with  respect  to 
that  stored  (from  a  maximum  of  93%  for  I“-0,Cd  mA/cm2  to  a 

minimum  of  2?%  for  I«-4  mA/cm2  )  , eye  lability  with  no  evidence 

of  appreciable  degradetlor  and  ar,  apparent  Oj  s  t  ab  i  1  i  t  y  .  On  the 
oth»-  hand  .films  o*  doped  pDTT  preserved  in  CHjClj  /TEAR 

solution  have  shown  the  disadvantage  of  a  fast 


1  *-f*  •  •  ft-  ■#«.•»- W  »'  -i.  *  • .  *p- K„VX.  *  ft,.***..*  -f*.  ' . 


wSifci 


■  r  i  f.V  ■  1 
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t«l  ♦-(*  1  •cl'irai*.  Thi  *  plu'iDnsnon  is  nst  due  to  polymer 
d#g'‘»dat  t  on  b"t  to  an  uncontrolled  redox  reaction  involving 
the  ngerf  e !  er  treJytie  medium. Work  is  in  pr  ogi  ess  to 
investigate  the  behavior  of  this  material  in  other  uonaqueGus 
solvents  and  1  r  "<a.t  er  .  Some  results  have  been  obtained  m 
nropvlene  carbonate® 

Ue  are  correnily  examining  the  possibility  of  doping  neutral 

pBTT  by  e  1  ec  t  rochem  i  ca  1  oxidation  in  aqueous  rued  i  uni  involving 

2nBr.  as  electrolyte  in  order  tc  test  the  feasibility  of  the 
2 

polvmer  as  cathode  active  material  in  a  model  of  a  ZnEr 

^  u  u  2 

aqueous  battery. 

The  neutral  pDIT  electrodes  are  prepared  by  exhaustively 
reducing  at  0  V  vs.SCE  in  CH-Cl^/TBAP  solution  the  doped  pDTT 


e 1 ec  tratvnlh* 
The  e 1 ec  t  r 


«  r  V  V  vs.  sue.  in  l  Dxr  solution 

vnth*«iz»d  in  C  C  Ij  !  T  5  APT  DTT  . 

1  ec t r oc hem i c » 1  cridjtian  at  constant  curn 


The  e  1  ec  t  r  oc  hem  i  c  »  1  c-ridatian  at  constant  current  on  neutral 
pDTT/SnOj  electrode  o+  an  aqueous  solution  is  accompanied  by  an 
electrode  colour  change  from  red  to  b 1 acU , at tes t i ng  to  the 
oolytner  doping.The  same  colour  change  is  observed  when  the 
neutral  oCTT  electrode  is  dipped  in  E  r~  -2r.Er2  aqueous 
so l u  t i on. UIS  and  near  IR  absorption  spectra,  which  evidence 
the  p.l’T  dop  i  ng  p-ocess,  will  be  illustrated. 

Fig.?  shows  the  variation  of  the  potential  of  a  pDTT/Pt 
e  I  me*  >~ode  xUr  <  rg  a  charge-d  i  schar  ge  cycle  at  constant  current 


lr  2n3r2  aqueous  so  1  u  t  i  or, .  Tab  1  e  1 


efficiencies  of  several  regenerative 
immediately  after  the  charge). 


summarizes  the  coulombic 
>6  cycles  (discharge  made 


Table  X.  Coulombic  effi¬ 
ciency  of  six  charge  - 
discharge  regenerative 
cycles  of  a  pOTT.'Pt 
electrode  at  I*C.4  mA/cm? 
Sox  =  215  mC.'cr.i2  ,Qred  re¬ 
covered  up  to  0  V  vs.SCE. 


Number  cycle 


Fig. 2  v<t)  of  a  pDTT/Pt  electrode 
during  a  cha-ge-d  i  srrharge  at  1=0.4 
mA/cm2  in  H  ^  0  /  Z  n  B  r2  0.21"  .  Alche.rge, 
P)  d  i  ich«pq»  . 


Cou lomb i c 
et  t l c i ency 
( Qr  «d / Qo a ) 
c .  SO 
0.  63 
0 . 49 
0 . 36 
0. 49 
0.33 


The  e->ount  o  t  c'arge  involved  i  r.  the  oxidation  process 
corresponded  to  1.5  electron/CTT  unit, taking  into  account  the 
following  possible  stoichiometry  of  the  doping  process: 


-f  DTT-f  + 
which 


■4  ( 2DTT )  Br~  f-  ♦ 


to  which  would  correspond  a  capacity 

mAh  /  g  .  However  ,  sp <?c  t  oscop  i  c  a  !  measurements  ar.d 


Of  1  A.  . 

rxhaust  i  v< 


'  s’  s'  S’ 

V  -  - 


■V  .''  .  n'1  . 


07202 


discharge*  a*  O  V  vs.SCE  of  doped  pDTT  have  shown  that  this 
value  of  capacity  can  not  be  achieved. 

We  also  nbt»r</ed  r  drop  in  both  the  potential  of  the 
cha-ged  electrode  end  the  values  of  the  recovered  charge 
during  the  e»l'»"sUve  reduction  as  a  function  of  the  time 
elapsed  from  t'-e  end  of  the  charge. This  ie  1  f -d  i  schsrge  of  the 
electrode  may  be  explained  by  the  displacement  within  the 
dooed  pDTT  of  Br“  by  Br”  and  by  an  undoping  reaction  or  by  a 
degradation  of  the  oxidized  pDTT. This  problem  is  still  under 
1 nvest 1  gat  1  on . 
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PHOTOCHEMICAL  INVESTIGATIONS  OF  THE  METAL/ELECTROLYTE  AND 
THE  METAL/METALOXIOE/ELEKTROLYTE  INTERFACE  USING  HIGH  POWER 

LASER  PULSES 

A.  FELSKE.  W.J.PLIETH 


Freie  Universitat  Berlin,  Institut  fur  Phy s ika 1 i sche  Chemie  - 
Takustr.3,  D-1000  Berlin  33  (Dahlem) 


In  the  paper  it  will  be  shown,  that  high  power  laser  pulses 
can  be  used  to  study  photoelectrochemical  processes  on 
smooth  as  well  as  on  oxide  covered  electrodes.  Main  emphasis 
is  put  on  the  investigation  of  the  passive  film  of  iron. 

Experimental :  The  experimental  equipment  consisted  of  a- 
potentiostat  with  a  three  electrode  cell,  a  scan  generator 
and  a  XY-recorder.  As  the  light  source,  an  excimer  pulse 
laser  at  a  wavelength  of  248  nm  (KrF)  was  used.  The  pulse 
width  was  16  ns.  The  photocurrents  were  recorded  with  a 
digitizing  storage  oscilloscope. 

Photocurrents  on  pi  at i num.  In  a  prelimanary  investigation 
the  behaviour  of  a  platinum  electrode  in  the  oxide  layer 
region  was  studied.  Fig.  1  represents  the  effect  of  the 
light  pulses  on  a  cyclic  voltammogram.  At  potentials  higher 
than  the  potential  corresponding  to  the  formation  of  an 
oxide  layer,  sharp  anodic  photocurrent  peaks  appeared  simul- 
taniously  with  the  light  pulses  and  superimposed  to  the  dark 
current.  The  oscillogram  of  the  photocurrent  showed  a  short 
pulse  of  about  200  us  half  width  which  is  followed  by  a  slow 
process  of  oxide  layer  regeneration.  The  reason  for  this 
behaviour  is  an  e 1 ectron-ho  1  e  pair  generation  in  the  semi¬ 
conducting  metaloxide  coupled  with  a  photolytic  decompo¬ 
sition. 
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At  lower  potentials  (0  -  800  tr V  vs  NHE),  cathodic  photo¬ 
currents  appeared,  too  fast  to  be  recognized  by  the  XY- 
recorder.  This  effect  is  due  to  the  photoemission  of  elec¬ 
trons  from  the  metal  into  the  electrolyte  and  will  not  be 
discussed  further.  In  the  intermediate  potential  region 
between  double  layer  and  oxide  layer  region  a  cathodic  peak 
is  preceding  the  anodic  photocurrent  peak. 

Photocurrents  of  i ron :  With  the  same  method  as  used  for  the 
investigation  of  the  platinum  surface,  the  passive  film  of 
iron  was  investigated  in  0.5  M  sulfuric  acid  and  in  borate 
electrolyte  (0.15  M  H3B03/0.0375  M  Na2B407,  pH  =  8.4).  The 
photocurrent  depended  on  the  pH-value  and  on  the  potential. 

In  the  strong  acid  electrolyte  (Fig.  2)  the  magnitude  of  the 
photocurrent  was  ten  times  larger  then  in  weakly  alkaline 
solution  (pH  8.4,  Fig.  3).  In  the  latter  example  cathodic 
and  anodic  photocurrents  are  observed.  The  zero  point  is 
approximately  equal  to  the  flat  band  potential.  The  photo¬ 
current  depended  also  on  the  laser  intensity  (Fig.  4).  A 
saturation  region  was  obtained  which  should  be  proportional 
to  the  thickness  of  the  film.  The  saturation  allowed  the 
determination  of  the  overall  quantumeff iciency  of  =  10'^. 

A  minimum  intensity  is  required  for  the  onset  of  the  photo- 
currents.  This  is  explained  as  the  amount  of  surface  states 
and  electron  traps  which  have  to  be  filled  before  a  photo- 

O 

current  can  flow.  A  total  number  of  10  surface  states  and 
traps  is  estimated  from  the  determined  minimum  intensity. 

Fig.  1  Cyclic  voltammogram  of  platinum  in  0.5  H2S04  under 
pulsed  laser  illumination. 

Fig.  2  Peak  height  of  the  photocurrent  pulses  vs.  potential 

2 

of  iron  in  0.5  M  H2S04,  laser  power  27  mJ/cm  . 

Fig.  3  Same  as  Fig.  3  but  in  borate  buffer,  pH  =  8.4.  The 
linear  plot  represents  el  1 ipsometric  thickness  values 
determined  by  Sato  et.  al. 

Fig.  4  Dependence  of  the  peak  height  of  the  photocurrent 
vs.  the  square  root  of  the  laser  power. 
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Impedance  of  a  sodiumpolysulphi.de  electrode  during 
the  phase  transition  molten/solid 

R.  Knodler 
Brown,  Boveri  &  Cie 
Central  Research  Laboratory 
Heidelberg  (Germany) 


Introduction 


The  molten  polysulphide  electrode  had  received  some  attention 
because  it  is  used  in  the  sodium  sulphur  battery  /I/,  / 2 / . 
Depending  on  the  melt  composition  there  are  two  regions  at 
the  operating  battery  temperature  of  350  °C.  In  the  one- 
phase  region  Na2Sx  exists  with  x  from  about  2.7  to  5.  In  the 
two-phase  region  sulfur  and  Na2Ss  exist  together.  The  con¬ 
ductivity  of  these  melts  and  the  polarization  of  the  graphite/ 
melt  interface  has  been  studied  already  /3/,  /2/.  However,  no 
information  is  available  on  the  behaviour  in  the  frozen  state 
and  in  the  transition  region  molten/frozen.  This  is  important 
because  a  sodium  sulphur  battery  has  to  be  cooled  down  from 
time  to  time.  Depending  on  the  amount  of  nuclei  in  the  sul¬ 
phide  the  melts  tend  to  undercool  and  to  solidify  within  a 
very  short  time. 

Experimental 

The  process  of  solidification  was  observed  by  measuring  the 
impedance  of  a  blocking  electrode  (molybdenum)  in  Na2Sx  using 
a  Solartron  1170  frequency  response  analyzer.  A  good  electric 
contact  between  the  molybdenum  rod  and  the  solid  Na2Sx  is 
provided  because  Na2Sx  has  a  higher  thermal  expansion  coeffi¬ 
cient  than  Mo  / 4 / .  The  polysulphides  were  chemically  prepared 
from  sulfur  and  anhydrous  Na2S  (Cerac)  at  450  °C.  Experiments^ 
with  electrochemically  prepared  Na2Sx  yielded  the  same  results. 

Results 


The  impedance  characteristics  show  beyond  about  100  Hz  a  pure 
ohmic  resistance.  At  lower  frequencies  a  45°  line  is  observed, 
indicating  a  diffusion  controlled  process.  The  diffusion 
coefficient  decreases  during  cooling  and  at  the  transition 
temperature  drops  sharply  below  the  measuring  limit  of  about 
10~o  cm1  sec“1 .  By  plotting  the  logarithm  of  the  impedance 
(at  30  Hz)  against  the  reciprocal  temperature  straight  lines 
are  obtained  for  the  frozen  and  the  molten  state,  respective¬ 
ly.  With  Na2S4  the  resistance  difference  between  these  two 
states  is  about  3  orders  of  magnitude,  with  Na2S3  only  about 
1  order.  This  means  that  the  resistivity  of  Na2S4  at  room 
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temperature  is  about  108  flcm,  for  Na2S3  only  108  ftcm.  The  ac¬ 
tivation  energies  for  both  sulphides  are  about  45  kJ  mol-1 . 

The  transition  from  the  molten  to  the  frozen  state  and  vice 
versa  proceeds  in  the  case  of  Na2S4  within  less  than  10  °C,  in 
the  case  of  Na2S3  this  region  is  extended  to  about  40  °C.  This 
indicates  a  glass-like  behaviour  of  Na2S3  which  was  confirmed 
also  by  calorimetric  measurements. 

A  further  indication  for  a  glassy-amorphous  state  of  Na2S3 
is  the  observation  that  after  letting  a  cell  stand  for  a  week' 
at  room  temperature ,  the  impedance  rose  during  this  time  by 
several  orders  of  magnitude,  from  105  to  about  108  Dcm  for 
Na2S3.  This  was  due  to  the  slow  crystallization  of  the 
amorphous  Na2S3 . 
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THE  INFLUENCE  OF  THE  ELECTROLYTE 
ON  THE  KINETICS  OF  CR(11I)-REDUCTI0N 

C. RUSSEL,  D.  KRAUSS  and  K.LEDJEFF 
Fraunhofer-lnstitut  fur  Sol  are  Energiesysteme 
Freiburg  (Germany) 


INTRODUCTION 

Conventional  electrochemical  storage  systems  in  which  solid  state  reactions 
occur  are  only  suitable  for  solar  energy  storage  to  a  certain  degree.  The 
iron-chromium  redox  flow  cell,  in  which  the  energy  is  stored  in  the  form 
of  metal  ion  pairs  in  different  oxidation  states  has  technically  more  favor¬ 
able  prerequisites.  1 

Anode  and  cathode  regions  are  separated  by  an  anionexchange  membrane.  The 
two  regions  are  each  connected  to  a  pump  and  an  electrolyte  storage  tank. 

In  order  to  optimize  the  electrode  and  the  electrolyte  composition  it  is 
helpful  to  know  the  mechanism  of  electrode  reaction  -  especially  that  of 
the  chromium  (III )-reduction.  This  reduction  mechanism  has  not  been  in¬ 
vestigated  as  well  as  the  iron( 1 1 1 )-reduction  and  is  in  addition  complicated 
by  hydrate  isomerization. 


Fig.  1:  Redox  battery 


EXPERIMENTAL 

Cyclic  voltammograms  of  a  1  M  CrClj/lM  HC1  solution  (Fig.  2)  seem  to  show 
a  reversible  or  quaisreversible  electrode  reaction.  The  peak  current  densi¬ 
ties  increase  with  increasing  scan  v  according  to  i~v^2  and  aiso  with 
increasing  concentration  in  the  relation  i  ~  c.  A  small  amount  of  PbCli 
was  added  as  a  catalyst  and  to  suppress  Hj  evolution.  If  the  measurement 
is  repeated  at  a  later  period  in  time  the  results  are  similar  qualitatively. 
The  peak  current  densities  decline  however  as  a  function  of  time  to  approx. 
10%  of  the  original  value.  2 


The  follwing  reactions  occur  when  CrClj 
CrCl  3  •  6  H;>0  +  H20  ===== 


[  CrCl,(0H2)4  V  ♦  H20 
t  CrClTOH2T5 ]2*  +  H20 


6HzO  is  dissolved  in  water: 

[  CrCl 2( OHp )4  1+  +  3  H?0  +  Cl 
t  CrCU0H2lc  y*  *  Cl* 
[Cr(0H2)6]3+  ♦  Cl' 
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Fig.  2 

Cyclic  voltammograms  of 
1  M  CrCli/1  M  HC1  solutions 

a)  freshly  prepared 

b)  5  day  old  solution 

c)  180  day  old  solution 


The  color  of  the  chromium  (III )-solutions  are  different  depending  on 
which  complex  is  present. 

Solutions  which  contain  [  Cr{0Hj)g  ] 3+  are  blue-grey,  [  CrfOHiJsCl  ]^+- 
solutions  are  green  and  [  CrfOHjJ^Clz  J^-complexes  have  a  light  green  color 
A  procedure  was  developed  using  anion  exchange  chromatography  with  which  the 
complexes  in  HC1  could  be  separated.  Their  spectra  are  shown  in  figure  U ) • 

The  reactions  in  equation  1  and  2  reach  equilibrium  only  after  a  consider¬ 
able  amount  of  time.  The  spectra  of  a  freshly  prepared  and  aged 
1  M  CrClj/1  M  HCl-solution  are  shown  in  figure  (4-).  A  change  in  the  spectra 
can  still  be  seen  after  months. 


Fig.  3:  UV  spectra  of  the  isolated  Fig. 4:  UV  spectra  of  1  M  CrCb/lM  HC1 

complexes;  a)  |Cr(0Hi)a  Cl?  |+  solutions:  freshly  prepared, 

b)  |Cr(0M5Cl  |2+  c)  |Cr(0Hj  )61 3+  8,  13,  56,  154  day  old 

In  order  to  explain  the  electrode  reaction  better,  impedance  spectra  were 
measured  in  a  broad  frequency  region  from  10  mHz  to  1  MHz  (1M5  Zahner 
Elektrik,  Cronach,  Germany).  These  spectra  are  portrayed  in  figure  (5)  as 
points  in  log  |Z|,  vs.  log  f  and  1 <p  1  vs.  log  f  diagrams.  3 
This  highly  specific  frequency  dependency  can  be  optimized  with  the 
equvalent  circuit. 


log  IZI 
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The  simulated  curve  can  be  seen  in  fig.  ^  a  solid  line.  The  mean  deviation 
of  the  experimental  phase  angle  from  -.imulated  curve  was  less  than  0,3°. 


Fig.  5:  Impedance  spectrum  of  freshly  prepared  1  M  CrCli/1  M  HC1  solution 
at  -600  mV  vs  SCE .  Dots:  experimental  values,  solid  line:  simulated  curve 


DISCUSSION 

The  equivalent  circuit  for  the  chromium{ III)  reduction  agrees  with  that  of 
the  i ron (III)  reduction  except  for  a  further  parallel  resistance.4  This 
eqivalent  circuit  has  already  been  assigned  to  an  electron  transition  through 
an  adsorbed  state.  The  reason  for  the  extra  circuit  element,  the  parallel  re¬ 
sistance,  is  probably  due  to  the  small  Hj  evolution  which  always  occurs  par¬ 
allel  to  chromium! 1 1 1 )  reduction. 


Fig.  6):  Equivalent  circuit 
of  the  impedance  spectra  in  fig.  J5 


When  one  looks  at  the  aging  of  Chromium! I II )  complexes,  an  electrochemical 
disactivation  occurs  parallel  to  the  band  shifts  in  UV  spectra.  The  spectra 
of  hydrate  complexes  isolated  with  anion  exchange  chromatography  show  that 
mainly  the  tetraaquocomplex  is  present  in  a  fresh  CrClj  solution;  after 
a  few  days  the  pentaaquocomplex  which  after  a  few  months  converts  to  the 
electrochemical ly  inactive  hexaaquo  complex.  The  higher  electrochemical 
activity  of  the  pentaaquo  complex  is  probably  due  its  ability  to  form  a 
bridge  over  the  Cl-ligands  to  the  electrode. 

1)  H.  Cnobloch,  W.Kel lermann,  H.  Nischik,  K.  Pantel,  A.  Siemsen,  Siemens 
Forsch.  Entwickl.  Ber.  12  ,  79  (1983) 

2)  D.  Sh.  Cheng,  A.  Reiner ,T.  Hollax,  J.Appl.  Electrochem.J^.  63  (1985) 

3)  H.  Gohr,  Ber.  8unsenges.  Phy.  Chem.  85,  274  (1981  ) 

4)  R.  Kaus,  Thesis  Erlangen  1978 
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THE  BIPOLAR  ZINC-BROMINE  BATTERY:  IMPROVED  CARBON-BROMINE  ELECTRODES 

K.  KORDESCH,  J.  GSELLMANN  and  M.  RESCH 
Technlsche  Universitat  Graz,  A-8010,  Austria 


The  use  of  bipolar  electrodes  with  a  circulating  electrolyte  introduces  a  new 
problem  not  encountered  in  monopolar  stack  designs.  The  conductive  pathways 
formed  by  electrolyte  manifolding  promote  stray  currents,  called  either 
parasitic  or  shunt  currents.  Parasitic  currents  waste  power,  cause  charge 
imbalances  within  the  stack  and,  more  importantly,  lead  to  early  stack  failures 
by  inducing  Zn  to  grow  into  the  manifolds.  A  new  technique,  called  “Shunt 
Current  Protection"  has  been  developed  to  deal  with  these  problems. 

The  active  carbon  surface  on  which  the  organic  bromine  complexes  are  formed  in 
the  charging  process,  or  from  which  the  bromide  ions  are  released,  in  the 
discharge  process,  is  a  specially  prepared  part  of  the  bipolar  plate.  It  must 
combine  a  high  resistance  to  chemical  attack  by  bromine  (intercalation)  with 
the  properties  of  an  electrochemical ly  active  interface.  Only  if  both  of  these 
requirements  are  satisfied,  can  a  long  life  expectancy  (over  1500  deep  cycles) 
at  high  current  densities  be  achieved.  Research  on  carbon  activation  and  about 
carbon  stabilization  is  therefore  the  main  objective. 

Circulating  Zn-Br^  Batteries 

The  principal  component  is  the  electrochemical  module,  where  the  actual 
electrochemistry  takes  place.  The  second  component  is  the  circulating 
electrolyte,  an  3.5  molar  solution  of  zinc  bromide  and  a  bromine  complexing 
agent,  e.g.  a  quarternary  ammonium  base  like  methyl -ethyl -morphol ini  urn  (or  -  - 
pyrrolidinium)  bromide,  which  is  circulated  in  two  streams  (divided  by  a  porous 
separator)  through  the  electrochemical  module.  The  third  component  is  the 
system  of  pumps  and  reservoirs  which  circulate  and  store  the  electrolyte. 

During  charge,  zinc  is  plated  at  the  negative  electrode  and  bromine  is  evolved 
at  the  positive.  As  soon  as  the  Br-  is  evolved,  it  reacts  to  form  a  bromine 
rich  phase  which  is  circulated  out^of  the  electrochemical  module  and  is 
separated  by  gravity  in  the  catholyte  reservoir.  Charge  retention  depends  on 
the  quality  of  the  separator,  but  is  generally  good  because  the  Br-  is  stored 
remotely  from  the  zinc.  100  X  discharge-cycles  serve  as  equal izingSteps. 

The  electrolyte  can  also  be  stored  outside  of  the  module,  preventing  self¬ 
discharge  during  very  long  storage  times.  A  specific  feature  of  the  patented 
Exxon-Bromine  complex  is  its  partial  water  solubility,  assuring  the  bromium 
availability  without  the  need  for  special  dispersion  measures.  Zn  and  Br¬ 
el  ectrochemically  react  back  to  the  original  zinc  bromide  solution,  liberating 
the  energy  absorbed  during  charging. 

Bipolar  Stack  Design 


The  conductivity  of  carbon  plastic  (1  Ohm. cm)  is  adequate  for  thin  bipolar 
electrodes.  Therefore,  such  electrodes  offer  a  distinctively  simpler  and 
cheaper  stack  design.  In  addition,  the  higher  voltage  of  bipolar  designs  can 
be  interfaced  economically  with  high  voltage  chargers  and  DC  motors. 


07241 


Shunt  Current  Protection 


The  concept  of  shunt  current  protection  is  given  in  US  Pat.  No.  4,277,317.  The 
central  Idea  Is  that  shunt  currents  can  be  prevented  from  entering  the 
electrolyte  manifolding  by  passing  an  auxiliary  protective  current  through  a 
seperated  small  manifold.  The  main  purpose  is  the  elimination  of  zinc  deposits 
in  the  channels,  an  additional  gain  is  the  reduction  of  energy  losses. 

Research,  Development  and  Testing  of  Zn-Br,  Batteries 

The  present  level  of  Zn-Br-  development  is  the  testing  of  multi -kW  bipolar 
stacks  equipped  with  shunt^current  protection.  Bipolar  electrodes  have  been 
successfully  upscaled  to  about  12  dm*  and  can  be  mass-produced.  Typical  zinc 
loadings  are  in  the  range  from  90  to  120  mAh/cm*.  The  cells  can  be  completely 
discharged  and  even  charged  in  the  opposite  direction  without  damage.  This,  in 
addition  to  the  light  weight,  is  the  major  advantage  over  lead-acid  batteries. 

Oesign  Specifications  for  an  80  V,  20  kWh  Stack  (Exxon  1983): 

Specific  Energy:  65  -  85  Wh/kg 

Specific  Power:  80  -100  W/kg 

Energy  Efficiency:  75  -  80  t 

Life  of  this  52-cell  stack:  650  deep  cycles 

Projected  cost  (OEM):  $  30-50/kWh,  mass-produced 

Specific  modifications  allow  optimization  for  maximum  energy  efficiency  (90  l 
Zinc  utilization)  energy  density  (100  Wh/kg)  and  power  density  (150  W/kg),  of 
course  not  all  in  the  same  battery. 

The  cycling  of  multiple  Bromine-Bromine  cells  to  test  carbon  materials  is  done 
at  the  Technical  University  Graz.  With  improved  active  carbon  layers,  the  life 
of  electrodes  has  been  proven  to  be  over  1500  deep  cycles  at  the  3  hour  rate. 

Applications: 

The  technology  will  be  adapted  for  load  levelling,  storage  of  wind-  and  solar 
power  and  electric  vehicle  propulsion.  In  all  this  applications  a  battery  must 
demonstrate  low  cost,  high  efficiency,  and  voltages  compatible  with  existing 
electrical  systems. 

The  Zlnc-Bromium  System  is  produced  by  the  "Studlengesellschaft  fur  Energle- 
speicher  und  Antriebssysteme  GmbH,  (S.E.A)",  in  Miirzzuschlag,  Austria. 

Fig.  1  shows  a  portable  12  V,  2  kWh  Zinc-Bromine  Battery  on  the  test  stand. 

Acknowl edgements : 

Research  on  carbon  materials  suitable  for  zinc-bromine  cells  is  supported  by 
the  Austrian  Federal  Ministery  of  Science  and  Research.  The  study  of  a  hybrid 
system  Motorgenerator/Battery  is  sponsored  by  the  Styrian  State  Government. 

Fig.  2  shows  our  experimental  battery-operated  electric  vehicle  with  a  trailer, 
containing  the  motorgenerator  (350  cmJdisplacement,  7  kW  dc  electrical  output). 

Literature  (with  more  references): 

1.  P.  Grimes,  R.  Bellows,  P.  Malachesky  (Exxon  R&E),  19th  Intersociety  Energy 
Conversion  Engineering  Conference  (IECEC)  -  1984,  Vol.2,  paper  No.  849444. 

2.  R.P.  Clark,  J.L.  Chamberlin,  H.U. Saxton,  P.C.  Symons:  "The  Status  of  Flow- 
Batteries  in  the  USA",  Power  Sources  9,  pp.  271-285,  Academic  Press,  1983. 
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Figure  1:  Laboratory  Test  on  a  12  V,  2  KWh  Zinc-Bromine  Battery.  This 
portable  system  is  built  with  bipolar  carbon-plastic  plates 
and  sealed  on  all  sides.  (Courtesy  of  S.E.A.,  GmbH,  Austria). 


Figure  2:  The  Electric  Car  of  the  Technical  University  Graz,  used  for  field 
testing  of  Hybrid  Systems:  The  7.5-kW  ac  Motorgenerator  (a  HONDA 
350  cnr  watercooled  engine  plus  diodes)  is  mounted  in  a  trailer. 

It  can  be  connected  to  vehicles  with  different  batteries,  like 
lead-acid,  zinc-bromine,  and  fuel  cell  systems,  when  available. 
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ELECTROLYTIC  MANGANESE  DIOXIDE  PRODUCTION 
IN  A  FLOWING  ELECTROLYTE  SYSTEM 

W.J.  Harer  and  K.  Kordesch 
Institut  fuer  Chemische  Technologic  Anorganischer 
Stoffe  der  Technischen  Universitat  Graz 
A-8010  Graz,  Austria 


Electrolytic  manganese  dioxide  for  high  quality  Leclanche  cells  and 
alkaline  batteries  is  a  large  scale  product*  .  The  deposition  on  lead-, 
carbon-,  or  titanium  electrodes  is  well  optimized.  International  Common 
Samples  are  available  as  comparison  materials7  . 


In  our  laboratory  we  have  investigated  different  types  of  manganese 
dioxides  in  respect  to  their  rechargeabilityJ  .  It  turned  out  that  there 
is  no  obvious  direct  relationship  between  porosity,  particle  size,  sur¬ 
face  area  or  analytical  data  and  the  rechargeability  of  gamma  manganese 
dioxide.  However,  a  strong  dependance  on  physical  parameters  of  the  manu¬ 
factured  electrodes  was  found**  . 


It  was  found  that  the  way  of  making  the  electrolytic  manganese  dioxide 
did  influence  the  rechargeability-*  .  Among  other  effects,  adding  small 
amounts  of  titanium  salts,  especially  the  sulfide,  improved  the  cycle 
number^  . 


For  that  reason  it  was  decided  to  start  a  series  of  experiments  in  which 
the  manganese  dioxide  was  produced  without  forming  a  solid  deposit  (layer) 
on  an  electrode  at  high  temperatures  (90  Deg.C)  as  is  the  common  approach. 

A  change  in  the  deposition  mechanismus  t3kes  place  at  lower  temperatures, 
the  manganese  dioxide  is  formed  according  to  a  disproportionation  reaction 
which  was  already  discribed  by  Welsh7  .  The  current  yield  of  this  process 
is  poor,  but  the  manganese  dioxide  has  quite  different  properties,  at  low 
temperatures  it  forms  a  fine  divided  suspension  and  can  be  collected  by 
settling  out  in  the  lower  portion  of  the  electrolysis  unit.  To  make  sure 
that  no  further  changes  occur,  the  collecting  vessel  is  even  cooled  to  room 
temperature. 

The  material  produced  by  the  electrolysis  is  removed  with  electrolyte 
from  the  outlet  and  seperated  from  the  solution.  The  solution,  from  which 
the  product  is  seperated,  is  returned  to  the  process  and  reused. 

Figure  1  shows  the  reactor  which  was  used  to  produce  manganese  dioxide 
in  a  continuous  flow  system.  The  temperature  can  be  chosen  from  room 
temperature  to  90  Deg.  C.  The  reactor  can  be  operated  hot,  the  collector 
vessel  can  be  cooled.  Self  casted  lead-antimony  electrodes  and  special 
coated  titanium  corrugated  plate  anodes  were  used  in  this  reactor.  Current 
densities  amounded  from  0,5  -  30  A/dm7. 


At  elevated  temperatures  the  reaction  at  the  anode  consists  of  several 
steps:  an  anodic  oxidation  (electrochemical  step),  a  disproportionation- 
and  a  hydrolysis  step  and  then  dehydration®  .  The  manganese  dioxide  depo¬ 
sits  usually  at  a  coherent  solid  layer.  In  order  to  avoid  the  layer  for¬ 
mation,  a  turbolent  boundary  layer  stream  of  electrolyte  was  necessary. 

The  deposits  break  up  in  small  particles  and  can  also  be  continuously 
collected.  The  appearence  of  this  manganese  dioxide  is  different  from  the 
"low  temperature  product". 

Several  charges  of . electrolytic  manganese  dioxides  were  produced,  they 
amount  of  100  g  to  a  few  kg  of  materials  and  serve  now  as  supply  materials 
for  analytical  tests,  determination  of  surfaces  (B.E.T. -method)  and  pores 
distribution  with  a  poriosimeter .  The  final  testing  is  done  now  about 
behavior  from  rechargeability  of  manganese  dioxide  in  alkaline  electrolyte. 
The  results  will  be  reported  in  another  paper. 
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IN  SITU  MONITORING  OF  SEMICONDUCTOR/LIQUID  JUNCTION  BY  SIMULTANEOUS 
PHOTOCURRENT  AND  PHOTOTHERMAL  DEFLECTION  SPECTROSCOPY 
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In  solar  cells,  and  other  optoelectronic  devices,  use  of  thin  poly¬ 
crystalline  or  amorphous  films  is  desirable  both  because  of  possible  cost 
savings  and  simplification  of  manufacture,  and  because  of  increased 
flexibility  in  choice  of  materials.  The  suitability  of  a  film  for  such 
purpose  will  depend  to  a  large  extent  on  its  optical  properties.  General¬ 
ly  these  are  not  measured  for  the  film  in  the  actual  device  configuration 
(or  part  of  it),  but  rather  on  an  optically  transparent  substrate  to 
allow  transmission  measurements.  It  would  clearly  be  preferable  to  per¬ 
form  such  measurements  on  samples  that  resemble  the  device  as  close  as 
possible,  and  in  such  a  way  that,  after  measurement,  the  samples  can  be 
used  further,  to  complete  device  manufacture,  for  example. 

Photothermal  deflection  spectroscopy  (PDS  or  "Mirage  effect")  has  been 
used  successfully  to  study  optical  properties  of  amorphous  silicon  thin 
films1’2  deposited  on  silica,  glass  or  silicon  substrates.  In  conjunc¬ 
tion  with  Fourier  Transform  (FT)  PDS  becomes  a  powerful,  fast  and  conve¬ 
nient  method  to  obtain  optical  absorption  spectra2.  Its  suitability  for 
samples  with  rough  surfaces,  such  as  those  commonly  found  for  polycrys¬ 
talline  thin  films  deposited  on  rough,  scattering  substrates  should 
extend  its  use  considerably.  • 

Here,  we  will  report  on  the  feasibility  of  PDS  investigations  on 
films  of  CuInSe2  on  AI2O3  or  on  Mo/A^Chand  for  comparison  on  a  single 
crystal  of  CuInSe2,  and  on  the  problems  encountered  in  these  studies,  so 
as  to  enable  realistic  evaluations  of  .the  possibilities  and  limitations 
of  PDS  for  the  optical  characterization  of  thin  polycrvstalline  films. 

In  addition,  we  present  FT  photocurrent  spectroscopic  results  on  a 
semiconductor  (CuInSe2 ) /liquid  junction  system. 

As  an  example.  Fig.  1  shows  the  FT  PD  spectra  for  three  films.  These 
data  are  used  to  determine  the  absorption  coefficient  multiplied  by  the 
thickness  L  (by  the  thermal  length  y  for  the  single  crystal)  at  photon 
energies  close  to  the  bandgap  and  the  optical  bandgap  value.  Films  that 
were  rich  in  CujSe  (sample  55)  have  shown  no  or  very  poorly  resolved 
absorption  edges.  For  Cu-poor  samples  (46)  the  absorption  coefficient 
fits  the  relation  a  n,  (hv  -  E-Wvhv  which  indicates  a  direct  allowed 
transition.  When  Mo  is  present  on  AljO?  (46B),  the  strong  subbandgap 
absorption  which  is  obtained  can  be  attributed  to  Mo.  The  signal  induced 
by  the  Mo  absorption  is  a  roughly  linear  function  of  hv  in  the  1  eV 
region,  thus  we  can  obtain  a Z  for  the  CuInSe^  film  proper  by  simple 
substraction. 
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Results  obtained  on  the  single  crystal  sample  (Fig.  2a,  b)  agree  well 
with  literature  values.  In  this  case,  from  the  variation  of  the  phase 
angle  of  the  signal  with  photon  energy,  it  was  possible  to  determine 
that  sub-bandgap  absorption  originated  from  the  bulk  rather  than  from  the 
surface . 

The  numerical  values  obtained  are  reasonable  ones,  which  is  of  impor¬ 
tance  for  the  further  application  of  this  methodology  as  part  of  the  use 
of  semiconductor/1 iquid  junction  systems  for  semiconductor  characteriza¬ 
tion3.  There,  for  the  determination  of  numerical  values  of  effective 
optoelectronic  parameters,  the  doping  density  and  minority  carrier  diffu¬ 
sion  length,  knowledge  of  a  at  photon  energies  close  to  the  bandgap  is 
necessary1" . 

Fig.  2  and  3  show  the  FT  PD  spectra  (and  the  absorption  spectra)  and 
the  FT  photocurrent  (n)  spectra  for  the  single  crystal  and  the  film  46B 
respectively.  For  these  experiments,  we  used  an  acetonitrile-based  redox 
electrolyte3.  The  significant  shift  seen  in  Fig.  2  between  the  photo¬ 
current  and  PD  spectra  is  mainly  due  to  the  difference  between  the  ther¬ 
mal  diffusion  length  ("v  100  pm)  and  the  electron  diffusion  length  ('v  1  urn) 
which  causes  different  depths  of  the  sample  to  be  probed  by  the  two 
methods.  This  difference  is  much  less  significant  in  the  case  of  the  film 
where  the  thickness  ('v  4  pm)  rather  than  the  thermal  diffusion  length 
controls  the  PD  signal.  None  of  the  two  photocurrent  spectra  fits  the 
expected  (hv.n)2  vs.hv  behavior  as  do  the  absorption  coefficients.  At 
least  in  the  case  of  thin  film  this  could  indicate  that  the  expected 
proportionality  between  a  and  n  breaks  down. 

The  possibility  to  obtain  quantitative  optical  data  for  rough  semi¬ 
conducting  films  on  scattering  substrates  in  addition  to  the  possibility 
of  direct  comparison  of  absorption  and  quantum  yield  spectra,  should 
make  PDS  measurements  a  valuable  addition  to  methodologies  for  the  charac¬ 
terization  of  such  films  on  conducting  substrates. 
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Fig-  1  “Normalized  photothermal  deflection  spectra  for  three  CuInSe2 
films.  Samples  55  and  46  are  on  A1,0  ;  sample  46B  is  on 

MoAlljO  .  L  3 


Fig.  2  -  CuInSe2  crystal  ;  (a)  nor¬ 
malized  amplitude  of  photothermal 
deflection  spectrum  ;  (b)  ap 

(an  r  1  corresponds  to 
a  =  1.3  x  10^  cm"')  ;  (c)  norma¬ 
lized  photocurrent  (n)  spectrum. 


Fig.  3  -  CuInSe7  on  Mo/Al20j  C46B) 

(a)  a£  as  a  function  of  photon  ener 
gy  :  (b)  aC  after  substraction  of 
Mo  absorption  from  curve  (a)  ; 

(c)  normalized  photocurrent  (n) 
spectrum. 
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electrodeposition  of  zinc  using  pulse-current. 

L.  BINDER 

Institute  for  Inorganic  Chemical  Technology,  Techn. University 
A-8010  Graz,  Austria. 


For  improving  the  quality  of  metal  deposits,  periodically 
changing  current  has  been  applicated  for  a  relatively  long 
time.  1 

In  1971  Despic  and  Popov  and  some  years  later  N.  Ibl^ 
collected  the  available  informations  on  this  topic,  adding 
their  own  practical  experiences  and  theoretical  considerations. 

Reversing  current,  a.c.  superimposed  on  d.c.,  and  pulsating 
current  were  used  to  overcome  the  detrimental  phenomena  due 
to  inhibited  diffusion  of  the  depositing  substance  through  a 
diffusion  layer  which  is  steadily  extending  into  the  solution 
under  d.c. -conditions  of  electrolysis. 

Reversing  current  and  asymmetric  current  (a.c.  superimpo¬ 
sed  on  d.c.)  contain  periods  with  an  anodic  (dissolving) 
current  flowing.  This  current  should  cut  off  the  most  active 
sites  of  the  deposit  combining  an  electropolishing  effect 
upon  the  surface  with  the  prevention  of  a  too  low  concentra¬ 
tion  of  metal  ions  in  the  diffusion  layer.  The  relaxation 
periods  of  the  pulsating  current  should  provide  an  equaliza¬ 
tion  of  the  concentration  of  metal  ions  near  the  surface  of 
the  deposit  with  the  concentration  in  the  bulk  solution. 

These  advantages  can  be  combined  by  the  application  of  a 
current  consisting  of  at  least  three  components,  a  cathodic 
(depositing)  current,  an  anodic  (dissolving)  current,  and  a 
pause.  Such  a  sequence ..was -proposed  by  Appelt  and  Jurewicz  for 
the  deposition  of  zinc  '  '  .  It  was  called  "three-component 
impulse  current  (T.C.I.C.)"  and  the  deposits  were  regarded 
as  sufficiently  porous  and  adherent  to  be  used  as  storage 
battery  electrodes. 

To  generate  the  required  pulse  sequence  for  the  following 
experiments,  a  simple  self-made  electronic  device  was  used. 

This  generator  controlled  a  laboratory  potentiostat  (Wenking, 

LB  75M)  run  as  galvanostat.  The  resulting  pulse-current  was 
fed  into  the  test-cell.  The  electrode  arrangement  can  be 
seen  in  Fig.1.  It  consisted  of  two  sheets  of  separator,  an 
U-shaped  frame  made  from  polymethacrylate,  carrying  the 
counter  electrode  made  from  porous  nickel,  a  spacer  (poly¬ 
methacrylate)  ,  and  the  working  electrode.  The  latter  was  a 
copper  foil  (series  F)  or  a  copper  wire  grid  (series  G) , 
covered  with  epoxy-resin  /hatched  area)  so  that  an  exposed 
geometrical  area  of  10  cin  remained.  The  components  were 
stuck  together  using  a  solution  of  acetylcellulose  in  acetone 
with  appropriate  viscosity. 
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When  the  described  cell-stack  was  inserted  into  the  empty 
reaction-vessel,  the  chosen  electrolytes  were  filled  in  the 
two  compartments:  KOH  with  zincate  in  the  larger  working 
electrode-space  and  zincate-free  KOH  in  the  smaller  counter 
electrode-space.  The  concentration  of  zincate-ions  was  chosen 
in  this  way  that  after  a  zinc  deposition  of  0,3  Ah  only  15% 
(series  2)  of  the  initial  amount  of  zinc  remained  in  the  solu¬ 
tion. 

Th§2applied  current  densities  were  2,5,10,15,20,  and  30 
mA.cm-  .  All  the  depositions  were  made  with  d.c.  and  "multi-  - 
component  pulse-current  (m. c.p. -current) "  in  parallel.  The 
m.c.p. -current  consisted  of  a  cathodic  pulse  of  5  milliseconds, 
an  anodic  pulse  of  5  milliseconds,  and  a  pause  lasting  10 
milliseconds.  So  the  whole  sequence  repeated  after  20  milli¬ 
seconds,  that  means  with  a  frequency  of  50  Hz.  The  cathodic 
and  anodic  amplitudes  resulted  in  effective  cathodic  current 
densities  according  to  the  applied  d.c.  values.  The  ratio  of 
cathodic  to  anodic  amplitudes  was  5  to  2.  The  deposition  time 
varied  with  the  applied  current  density  to  provide  in  any  case 
a  maximum  Ah-capacity  of  0,3  (100%  current-efficiency  for 
zinc  deposition  assumed) .  After  deposition  the  zinc  was  re- 
dissolved_at  a  constant  anodic  d.c.  and  a  current  density  of 
15  mA.cm-  .  The  time  to  the  point  of  exhaustion  of  the  pre¬ 
viously  prepared  zinc  electrode  was  measured  and  the  obtained 
Ah-capacity  was  compared  with  the  input  of  0,3  Ah  for  deposi¬ 
tion. 

The  results  of  series  2,  where  85%  of  the  available  zinc 
was  deposited  and  only  15%  zinc  remained  in  the  electrolyte, 
can  be  seen  in  Fig. 2. 

Series  2-F  (above)  with  copper  foil  as  substrate  yielded 
significantly  better  deposits  when  the  charging  was  done 
with  m.c.p. -current  instead  of  d.c..  But  the  average  current 
efficiency  over  the  whole  range  of  current  densities  could 
not  be  raised  over  60%.  At  the  highest  current  density  of  this 
series  (30  mA.cm  j  the  difference  between  d.c.-  and  m.c.p.- 
charging  was  about  20%. 

A  very  different  picture  resulted  when  copper  wire  grid 
was  used  as  substrate  (series  2-G,  below) .  The  average  current 
efficiency  increased  and  noticeably  effects  of  nuy .p. -charging 
were  evident  only  between  5  mA.cm  and  15  mA.cm 

An  additional  observation  was  made  when  the  standard  de¬ 
viations  of  the  parallel  measurements  were  calculated.  In 
series  2-G  the  reproduceability  of  the  d.c. -measurements  was 
better  over  the  whole  range  of  current  densities.  Series  2-G 
was  the  only  one  which  showed  this  behaviour. 
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FOURIER  ANALYSIS  IN  PRESENCE  OF  NONSTATIONARY 
APERIODIC  NOISE 
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The  Fourier  Analysis  has  a  large  scale  of  application  in 
electrochemistry .According  to  the  specific  nonlinear  nature 
of  the  electrochemical  processes  the  small  signal  lineariza¬ 
tion  approach  allows  the  application  of  the  linear  relation¬ 
ship  between  the  input/output  signals  and  the  application  of 
the  classical  Transfer  Function  and  Spectral  Analysis  defini¬ 
tions  .Thus  ,  in  this  cases  the  Fourier  Analysis  has  to  be  per¬ 
formed  in  presence  of  large  noises  generated  by  the  instru¬ 
mental  environment  as  well^as  by  the  system  under  investi¬ 
gation  itself. 

Following  the  classical  frequency  domain  description  of 
the  stochastic  processes  the  additive  noise  is  very  often 
presented  by  Fourier  series  with  mutually  independant  zero 
mean  random  coeff icients . Based  on  this  Rice  representation 
of  the  noise, many  signal  processing  techniques  have  been  de¬ 
veloped  and  applied  in  electrochemistry. 

However, in  many  real  cases  the  filtering  has  to  be  per¬ 
formed  in  a  finite  time  and  the  additive  noise(or  a  part  of 
the  noise)  is  not  statistically  sufficient  or  is  aperiodic 
and  the  Rice  representation  can  not  be  used .Therefore , the 
investigation  of  the  estimation  properties  under  these  con¬ 
ditions  appears  a  central  feature  of  the  Fourier  analysis  in 
a  finite  time. 

While  the  main  signal  is  definite  in  the  frequency  do¬ 
main,  the  aperiodic  additive  noise  could  be  presented  in  the 
time  domain  bva  power  series 


na(t)  = 


£vi 


(1) 


where  t  is  tfie  relative  time  between  the  two  spaces, and  a^ 
are  series  coefficients  having  under  given  conditions  the' 
sense  of  a  Taylor,  or  orthogonal  Legendre  series  representa¬ 
tion.  *  t*  -V 

n(t)  -  —  n£k)(t0)  (2) 

a  k i0  k!  a  u 


Thus  the  noise  is  presented  by  its  relative  Taylor  or  Legen¬ 
dre  spectrum. 

The  analysis  of  the  errors  of  the  finite  time  Fourier 
estimation  of  the  periodic  signal  y(w)  in  presence  of  aperio¬ 
dic  noise  n  (t)  shows  that  in  the  general  case  the  errors  of 

the  estimates  can  be  presented  as: 


iV«VW.^*W  v*v'  *»  -•> 


>.<rr  .  f  •  »>*  ri".  ••*'•  ,.  -r  - 
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where  Ry(w)  and  X^(w)  are  the  components  of  the  periodic 
signal  y(w)  and  forms  the  coefficient  series 

he  •  <2*J)k~L  -  \.2  I  V'  V1  <5> 

•where  N  is  the  number  of  the  Fourier  analysis  estimation  pe¬ 
riods  . 

The  relation  (3), (4)  show  that  in  the  presence  of  aperi¬ 
odic  noise  the  Fourier  analysis  becames  an  biased .unconsis- 
tent  and  unefficient  estimator. In  the  practice  the  errors  (3), 
(4)  limit  the  precision  in  the  low  frequency  short  time  ana¬ 
lysis  and  the  application  of  the  infra  low  frequency  impe- 
dancemetry . 

The  noise  immunity  properties  of  the  classical  finite 
time  Fourier  analysis  could  be  improved . Taking  into  account 
the  initial  phase  of  the  estimation  in 


R(w.N,ti) 


T  f-tj  t  H  f  .  ^  = 


t.+NT 

f  X(t)  cos  wt  dt 


-t  j+NT 

X(t)  sin  wt  dt 


where  R  and  I  are  the  estimates  of  the  noisy  signal  X(t) , 
we  can  define  a  Phase  definite  Fourier  Trans form(PFT) . 

The  analysis  of  the  estimation  properties  of  the  PFT 
shows  that  the  initial  phase  t.  plays  an  important  role  in 
(6), (7). In  the  general  case  the  errors  of  the  PFT  are: 


,  00  k 

6r,I  =  Z_fk(Lk'na  (t0>’w  ’Ci> 


While  the  classical  Fourier  Transformation  estimator  is 
orthogonal  to  the  first  -  zero  term  in  (1)  or  (2)  ,the  PFT 
can  be  designed  as  orthogonal  to  the  next  terms  of  the  noise 
spectrum  (1), (2) .Choosing  the  appropriate  values  of  t^in(6) , 
(7)  the  efficient  noise  rejection  can  be  achieved. 

If  the  noise  is  presented  by  a  limit  kin  power  series 
spectrum  (l),the  estimation  procedure  has  to  include  m  esti- 
mates  ’j.  /•  (k)  ) 

R^w.N.tp  =  Ry (w)  +  2_  fe,  i(w-N.ci-na  <co>J  <9> 
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w  r  (k)  ^ 

XJ(w.H.tj)  =  Xy(w)  +  ^^j|w,N,tj,na  <tQ)|  (10) 

J‘< 

which  are  functions  of  t .  and  the  noise  spectrum  (2) . 

The  solution  of  the  1system  (9), (10)  allows  the  deter¬ 
mination  of  unbiased  estimates  R  (w)  ,X  (w)  as  wll  as  the 
evaluation  of  the  noise  spectrum?  * 

The  optimal  design  of  the  short  time  PFT  depends  on  the 
applications . The  analysis  of  the  convergence  of  the  series 
(3), (4), (8)  shows  that  for  a  given  spectrum  (2)  of  the  noise 
and  in  a  given  frequency  range  w£  wmin,C^e  ser^es  (3)  ,  (4) 

and  (8)  are  fast  convergent . Thus  the  noise  spectrum  (2)  can 
be  truncated  and  the  system  (9), (10)  can  be  easily  solved. 

The  Phase  definite  Fourier  estimator-PFT  (6), (7)  is  an 
generalization  of  the  finite  time  Fourier  Transform. In  pre¬ 
sence  of  an  aperiodic  noise  presented  by  a  finite  power  se¬ 
ries,  Taylor  or  Legendre  spectrum, the  optimal  PFT  is  unbiased, 
consistent  and  efficient  estimator . The  application  of  the 
PFT  for  low  frequency  measurements  could  extend  the  range 
of  the  usable  frequencies  in  the  impedancemetry  and  supply 
an  additional  information  about  the  slow  processes. 
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ELECTROLYTE-FREE  ELECTROLYTIC  HYDROGEM  PEROXIDE 

K.  MUELLER,  3.  CARCER,  R.  KOETZ,  and  S.  STUCK I 
Brown  Boveri  Research  Center,  CH-S400  Baden,  Switzerland 

I 


Electrochemical  cells  where  the  electrolyte  is  a  sheet  of  ion-exchange 
polymer  (IEP  or  solid  polymer  electrolyte)  were  developed,  originally 
for  fuel  reactions  (GE’s  hydrogen-oxygen  fuel  cells),  later  for  the 
electrolysis  of  water,  hydrochloric  acid,  and  sodium  chloride  solutions 
as  well  as  for  organic  electrosynthesis  [l].  The  common  feature  in  these 
applications  is  bifunctionality  of  the  ion-exchange  membrane  (separator 
and  ionic  conductor). 

In  recent  work  at  Brown  Boveri,  an  exploratory  effort  was  made  to  pro¬ 
duce  electrolyte-free  hydrogen  peroxide  in  such  cells  by  oxygen  reduc¬ 
tion  at  a  cathode/IEP  interface: 


H20  — >  2  H+(aq)  ♦  2  e-  ♦  1/2  02 

anode/ IEP  interface 

(1) 

02+2  H+(aq)  ♦  2  e - >  H202(aq) 

cathode/IEP  interface 

(2) 

1/2  02  ♦  H20  — >  H202(aq) 

cell  reaction 

(3) 

First  results  are  reported  here. 

Ihe  efforts  were  preceded  by  ring-disc  experiments.  These 

had  the  purpose  oi  identifying  cathode  materials  which  would  cathodic- 
ally  reduce  oxygen  to  hydrogen  peroxide  in  an  acidic  environment  (arbi¬ 
trarily,  1  M  H2S04) .  Results  are  shown  in  Fig.  1  for  glassy  carbon, 
which  was  identified  as  the  most  suitable  cathode  material. 

In  Pig.  1,  the  dashed  line  was  obtained  in  nitrogen-saturated  1  N  H2S04; 
it  must  correspond  to  cathodic  hydrogen  evolution.  The  dotted  lines  were 
obtained  in  the  same  electrolyte  containing  increasing  amounts  of  H202; 
they  chiefly  correspond  to  hydrogen  peroxide  reduction.  The  solid  line 
was  obtained  in  peroxide- free,  oxygen- saturated  1  M  H2S04;  it  corre¬ 
sponds,  for  the  oust  part,  to  cathodic  oxygen  reduction.  In  its  plateau, 
peroxide  is  produced,  as  identified  by  corresponding  ring  currents. 

The  intersections  between  the  solid  line  and  the  dotted  lines  in  Fig.  1 
indicate  that  by  continued  oxygen  reduction,  the  hydrogen  peroxide  con¬ 
centration  in  solution  can  be  built  up  to  a  certain  level.  When  this  is 
reached,  equivalent  amounts  of  the  intended  product  H202  are  formed  by 
cathodic  02  reduction  and  destroyed  by  further  reduction,  and  the  cur¬ 
rent  efficiency  drops  to  zero.  Below  this  concentration  limit,  higher 
efficiencies  can  be  attained.  More  than  80  %  current  efficiency  were 
attained  at  low  product  concentrations  in  the  solution.  The  relationship 
between  current  efficiency  and  product  concentration  is  shown  in  Fig.  2 
(curve  r][lim]-c[lim]). 
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Higher  oxygen  concentration  in  solution  will  raise  the  currents  of  oxy¬ 
gen  reduction  to  a  proportionately  higher  level,  and  for  any  given  oper¬ 
ating  potential,  the  intersections  (Fig.  1)  will  then  occur  at  higher 
current  densities  and  higher  product  concentrations. 

The  preparative  work  was  carried  out  in  solid  polymer  electrolyte  cells 
at  an  oxygen  pressure  of  about  30  bar.  The  basic  cell  design  was  as  de¬ 
scribed  previously  [2].  The  anode  was  platinized  titanium.  The  cathode 
was  a  porous  glassy-carbon  structure  [3].  The  electrodes  were  separated 
by  Nafion(R)  sheet.  When  (wet)  oxygen  was  passed  through  the  porous 
cathode,  electrolyte-free  Hydrogen  peroxide  solution  could  be  collected. 
The  maximum  concentration  achieved  was  0.7  %.  The  water  in  the  product 
was  that  transported  across  the  Nation  sheet  with  the  migrating  protons. 
The  current  efficiency,  however,  was  mere  fractions  of  one  percent  only. 

For  more  rapid  removal  of  product  H202  from  the  interface  region,  the 
Nation  sheet  was  replaced  by  a  porous  Nation  structure  (Nation  powder 
bed  or,  simply,  perforated  Nafion  sheet),  and  oxygen  was  admitted  to  the 
cell  together  with  a  variable  water  stream  on  the  anode  side,  so  as  to 
set  up  a  percolating  system  (filtering  diaphragm).  The  oxygen  reached 
the  cathode/electrolyte  interface  through  the  pore  space  in  the  electro¬ 
lyte,  together  with  variable  amounts  of  water.  Hydrogen  ions  (see  Eq. 

(2))  still  were  only  transported  through  the  solid  electrolyte.  Thus, 
electrolyte-free  hydrogen  peroxide  could  be  produced  as  dilute  aqueous 
solutions.  In  this  fashion,  current  efficiency  goes  up  dramatically.  The 
values  of  efficiency  that  can  be  attained  are  a  strong  function  of  water 
flow  rate.  Some  results  (from  experiments  with  a  cell  arrangement  which 
was  not  optimized  for  reactant  flow)  are  superimposed  upon  the  curve  of 
Fig.  2  (traces  labelled  1.9  and  2.5  V:  water  flow  rate  increasing  from 
right  to  left  along  the  trace;  trace  labelled  150  ml/h:  cell  voltage  in¬ 
creasing  from  top  to  bottom  along  the  trace) .  Current  efficiency  is  seen 
to  be  in  an  inverse  relationship  with  product  concentration.  The  latest 
ring-disc  results  show  that  compromise  figures  of  (simultaneously)  60  to 
80  %  current  efficiency  and  3  to  0.5  %  hydrogen  peroxide  concentration, 
respectively,  can  be  attained  in  principle. 

The  strong  effect  of  water  flow  rate  means  that,  for  acceptable  effi¬ 
ciency,  in  any  given  cell  design  a  fairly  high  water  flow  rate  should  be 
maintained.  A  current  of  proportionate  density  should  then  be  passed  at 
the  cathode  if,  simultaneously,  acceptable  product  concentrations  are  to 
be  reached.  Higher  current  densities  can  be  attained  at  higher  cell  ope¬ 
rating  potentials.  Here,  H202  concentration  was  found  to  go  up  substan¬ 
tially  (solid  line.  Pig.  3).  The  current  efficiency,  however,  dropped 
under  the  same  conditions  (solid  line,  Fig.  4),  but  not  so  much  as  to 
offset  the  gains  in  concentration  (and  productivity).  The  loss  in  cur¬ 
rent  efficiency  implies  that  hydrogen  is  evolved,  and  other  means  must 
be  sought  to  improve  the  current  density.  Several  possibilities  have 
been  identified  from  work  on  oxygen  reduction  reported  in  the  literature. 

[1]  K.  H.  Simmrock,  E.  Griesenbeck,  J.  Joerissen,  and  R.  Rodermund, 

Chem.  Ing.  Techn.,  53  (1)  10  -  25  (1981). 

[2]  K.  Mueller,  C.  Schueler,  and  S.  Stucki,  Rendiconti,  84a  Riun. 

Annu.  Assoc.  Elettrotec.  Elettron.  It.,  Mem.  A  39  (1983). 

[3]  Swiss  Patent  Appl.  6058-84. 
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rig.  1  Reduction  currents  at  glassy  carbon 
CRRDE  results).  The  par ox Ida  concen¬ 
trations:  0.4  (1),  0.1  (2).  1.5  (3), 
and  3.0  %  (4). 


Fig.  2  Experimental  currant  yields  and  hy¬ 
drogen  peroxide  concentrations.  The 
heavy  ‘limiting*  line:  rroe  results. 
Other  traces:  preparative  work. 


Fig.  3  Hydrogen  peroxide  concentrations,  e, 
as  functions  of  cell  voltage,  (J  (the 
solid  line),  water  flow  rate  (dashed 
lines),  and  pressure  (dotted  line). 


Fig.  4  Currant  yields,  q,  as  functions  of 
call  voltage,  U  (the  solid  line), 
water  flow  rate  (dashed  lines),  and 
pressure  (dotted  line). 
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NONLINEAR  EFFECTS  IN  ELECTROCHEMICAL  CELLS 
SUBJECTED  TO  ALTERNATING  CURRENT  AND  MAGNETIC  FIELD 


A.  SHORYGIN  and  G.  DANIELYAN 
Institute  of  Control  Sciences,  Moscow  (USSR) 


The  effect  of  alternating  current  on  electrochemical  cells 
is  the  subject  of  many  papers.  These  give  most  attention,  ho¬ 
wever,  to  relatively  high  frequencies  such  as  those  applied  in 
conductometry  or  to  very  low  frequencies  used  in  coulometric 
experiments.  The  intermediate  range  of  infrasoninc  and  low  au¬ 
dio  frequencies  is  explored  unsufficiently. 

In  the  low  infrssonic  part  of  the  frequency  spectrum  new  effects 
in  electrochemical  cells  such  as  resonance  absorption  and  pa¬ 
rametric  oscillation  could  be  expected  since  these  cells  under 
certain  conditions  tend  to  generate  oscillations  with  frequen¬ 
cies  of  several  Gps  or  lower.  The  evidence  of  such  processes 
are  voltage  drop  alteration  across  the  cell,  viaualy  observed 
pulsations  in  the  interelectrode  gap  media  and  the  change  of 
the  interferometric  image  obtained  by  the  authors  with  visible 
monochromatic  light  11 , 

The  influence  of  A. C.  in  the  infrasonic  frequency  range  on  D.C. 
current-voltage  characteristics  and  on  the  phen  ana  observed 
in  the  cell  were  studied  in  the  current-controlled  process. 

The  superposition  of  A.C.  on  D.C.  was  performed  by  means  of  the 
resistive  adding  network  .  The  usual  dependence  of  D.C.  equi¬ 
valent  resistance  on  the  direct  current  is  U-shaped**  .  When 
the  infrasonic  A.C.  is  superimposed  on  D.C. ,  the  right-hand 
part  of  the  curve  drops.  At  the  same  time  that  part  of  the 
curve  obtains  a  pronounced  first  wave  maximum.  With  increasing 
A.C.  amplitude  the  maxima  move  toward  higher  D.C.  values,  the 
displacement  increases  almost  directly  as  the  A.C.  amplitude. 
Further  studies  revealed  the  existence  of  threshold  and  quasi¬ 
hysteresis  effects  with  continuous  change  of  both  the  frequen¬ 
cy  and  amplitude  of  the  superimposed  alternating  current.  With 
the  A.C.  amplitude  (or  frequency)  being  within  the  loop  parts 
of  the  curve  no  partial  hysteresis  loops  could  be  obtained. 

This  is  the  evidence  of  the  auto-oscillating  nature  of  the 
process.  Further  experiments  using  a  wide  range  of  the  para¬ 
meter  values  in  the  A.C.  generator  output  circuit  and  in  the 
D.C.  circuit  showed  that  the  observed  phenomena  are  indepen¬ 
dent  of  external  network  characteristics  and  so  are  caused  by 
factors  inherent  in  the  cell  itself.  Microscopic  observations 
of  process  in  the  cells  showed  a  conformity  of  the  quasihyste¬ 
resis  electric  characteristics  and  the  variation  of  opticsl 
pictures  in  the  interelectrode  gap.  Small  values  of  D.C.  re¬ 
sistance  match  a  zone  of  low  frequency  fluctuations  observed 
(below  1  Cps).  With  the  increase  of  frequency  D.C.  impedance 
reachs  its  largest  value  when  these  fluctuations  cease  abrupt¬ 
ly. 
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These  results  lead  us  to  conclude  that  the  threshold  and  qua- 
slhysteresis  effects  found  by  the  authors  are  due  to  paramet¬ 
ric  excitation  which  arises  in  the  electrochemical  system 
with  certain  relations  of  frequencies  and  amplitudes.  The  ef¬ 
fect  of  the  magnetic  field  was  studied  also  in  the  current- 
controlled  process.  If  the  magnetic  induction  vector  is  nor¬ 
mal  to  the  gravity  vector  and  the  cell  is  in  the  anode  up  po¬ 
sition,  the  D.C.  impedance  R  increases  with  the  magnetic 
field.  With  the  same  arrangement,  but  in  anode  down  position, 
the  change  remains  within  the  limits  of  the  measurement  er¬ 
ror.  Thus  it  could  be  admited  that  unlike  the  case  of  solid 
state  semiconductors,  the  magnetoresistive  effect  in  electro- 
lythic  cells  is  caused  by  combined  action  of  the  Lorentz  and 
the  Archimedes  forces;  when  these  add  up  the  electrochemical 
convection  increases,  and  the  cell  resistance  falls. 

Numerous  experiments  with  the  superposition  of  infrasonic  al¬ 
ternating  current  show  that  with  a  constant  magnetic  field 
the  extrema  in  the  equivalent  resistance  -  D.C.  current  cha¬ 
racteristics  become  more  pronounced.  Of  the  greatest  interest 
is  the  range  of  large  D.C.  and  A. C.  in  which  the  streamlines 
and  isoconcentrates  systems  in  the  interelectrode  gap  change 
abruptly  and  the  right-hand  part  of  the  characteristic  of  the 
cell  subjected  to  a  magnetic  field  {independent  of  its  sign) 
go  up  dramatically.  The  frequency  quasihysteresis  is  seen  to 
disappear. 

With  the  cell  in  anode  up  position  quasihyBteresis  in  the  de¬ 
pendence  D.C,  impedance  on  magnetic  field  induction  was  found. 
The  effect  is  proved  irreversible:  to  recover  the  initial  cell 
state  the  direct  current  should  be  switched  off  and  then  swi¬ 
tched  on  again.  The  plot  retains  its  shape  with  any  direction 
of  the  induction  vector  when  this  remains  normal  to  the  cell 
longitudinal  axis. 
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LEAD  OXIDES  AS  CATHODIC  MATERIALS  FOR  VOLTAGE  COMPATIBLE  LITHIUM  CELLS 

L.  PERALDO  BICELLI,  F.  BONINO  and  B.  RIVOLTA 
Department  of  Applied  Physical  Chemistry  of  the  Milan  Polytechnic 
Research  Centre  on  Electrode  Processes  of  the  C.N.R.,  Milan  (Italy) 


Recently,  the  attention  has  been  focused  on  organic  electrolyte  lithium 
cells  having  a  working  voltage  in  a  range  (1.2  -  1.5  V)  close  to  that  of 
conventional  systems.  These  so  called  "voltage  compatible"  lithium  batteries 
are  thus  expected  to  be  interchangeable  with  conventional  primary  cells  with 
out  a  remarkable  modification  of  the  existing  equipment. 

Numerous  research  activities  are  currently  under  way  on  this  new  class  of 
lithium  batteries.  The  use  of  lithium  as  an  anode  offers  many  performance 
advantages  over  conventional  batteries.  First,  the  advantage  of  a  substan¬ 
tial  increase  in  energy  density  which  results  in  a  reduction  of  the  battery 
size  or  in  an  increase  of  its  service  life.  Of  equal  importance  is  the  long 
shelf  life  of  the  lithium  systems  presenting  the  opportunity  for  new  appli¬ 
cations  . 

Different  cathodic  materials  have  been  considered,  including  lead  oxides 
(1,2).  PbO  and  PbO^  (1)  have  also  been  examined;  however,  a  complete  invest¬ 
igation  was  mainly  undertaken  on  the  performance  of  Pb  0^  and  Bi^Pb^O,.,  only 
(1,2). 

Within  a  research  programme  on  metal  oxides  in  non  aqueous  lithium  cells 
(3)  and  with  the  aim  of  going  deep  into  the  basic  knowledge  of  lead  oxides, 
yellow  PbO  and  ySpbO  have  been  examined  as  possible  alternative  materials 
in  "voltage  compatible"  lithium  batteries. 

RESULTS  AND  DISCUSSION 

The  cathodic  pellets  of  both  PbO  and  PbO^  were  obtained  by  compressing 
the  powders  at  350  MPa  on  a  copper  support. 

The  experiments  were  performed  at  ambient  temperature  in  a  two-electrode 
cell  of  the  type: 

(-)  Li/electrolyte/lead  oxide  (+)  . 

Four  electrolytes  were  tested  in  order  to  select  the  one  giving  the  best 
results,  namely:  1  M  LiClO^  -  propylene  carbonate  (PC);  0.5  M  LiCF^SO^-PC; 

J  M  LiAsF^  -  butirolactone  (BL);  1  M  LiCF^SO  -BL. 

A  great  difference  in  behaviour  was  observed,  the  LiC10^-PC  electrolyte 
showing  the  most  satisfactory  performance  (Fig.  1).  Hence,  this  electrolyte 
was  chosen  for  the  further  development  of  the  research. 

Typical  discharge  curves  at  various  current  densities  are  reported  in 
Fig.  2  and  3  for  PbO  and  PbO  ,  respectively.  The  composition  parameter  in 
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abscissa  refers  to  lithium  equivalents  inserted  into  one  mole  of  the  oxide. 

The  striking  feature  of  the  curves  is  a  very  long  platea^  at  a  voltage 
around  1.3  V  vs.  Li/Li  (at  a  current  density  of  0.5  mA.cm  ),  suggesting 
the  formation  of  a  new  phase. 

X-ray  analysis  of  the  end  products  showed  that  the  discharge  process 
mainly  consists  in  a  displacement  reaction.  In  fact,  lead  diffraction  peaks 
completely  dominate  the  X-ray  spectrum  of  the  discharged  material.  This  re¬ 
sult  is  also  in  agreement  with  the  discharge  reaction  approximately  in¬ 
volving  two  and  four  Faraday  per  mole  of  PbO  and  PbO^ ,  respectively. 

As  already  noted  for  other  lead  oxides,  e.g.  Pb.^  ('>2),  the  discharge 
process  of  the  Li/PbO^  couple  seems  not  to  occur  in  steps,  namely  through 
a  preliminary  reduction  step  to  PbO,  followed  by  a  subsequent  step  to  lead. 

Disappointingly ,  PbO^  shows  an  initial  voltage  drop  with  a  very  short 
quasi-plateau  for  low  lithium  insertion.  Experiments  are  in  due  course  to 
find  out  whether  such  plateau  may  be  related  to  the  presence  of  one  or  more 
electrochemically  reducible  impurities. 

CONCLUSIONS 

From  this  research,  PbO  and  PbO^  result  to  be  particularly  interesting  as 
possible  candidates  for  voltage  compatible  lithium  cells  owing  to  a  very 
long  plateau  having  the  propey  voltage  value  ^nd  an  appreciable  specific  ca¬ 
pacity  and^energy:  265  Ah.^g  and  345  Wh.kg  ,  respectively  for  PbO; 

370  Ah. kg  and  475  Wh.kg  for  PbO  at  a  current  density  of  0.5  mA.cm  and 
for  a  cut-off  voltage  of  1  V  vs.  Li/Li  . 
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Fig.  1  Typical  discharge  curve  of  PbO^  in  four  electrolytes  and  at  room 
temperature. 


F  .  mo  l 

Fig.  2  Typical  discharge  curve  of  PbO  in  1  M  LiCIO  -PC  at  various  current 
.  .  4 

densities  and  at  room  temperature. 


Fig.  3  Typical  discharge  curve  of  PbO?  in  1  M  LiClO^-PC  at  various  current 
densities  and  at  room  temperature. 
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The  development  of  photoelectrochemical  cells  has  been  so  far  somewhat 
hindered  by  the  relatively  low  conversion  efficiency  and  the  poor  stability 
offered  by  the  most  common  semiconductor/electrolyte  systems. 

Recently,  there  has  been  a  renewed  interest  in  the  field  due  to  the  char¬ 
acterization  of  highly  efficient  and  stable  semiconductor  electrodes  selected 
among  ternary  chalcogenides  of  the  chalcopyrite  or  spinel  type. 

Undoubtedly,  the  most  promising  material  of  this  class  is  CuInSe  ,  a  di¬ 
rect  band  gap  material  having  an  optimum  band  gap  value  (around  1 .05  eV) .  A 
very  promising  photoelectrochemical  behaviour  is  therefore  expected,  as  re¬ 
cently  observed  by  Cahen  et  al.  (1-3)  and  Lewerenz  et  al.  (5-7)  on  single¬ 
crystal  electrodes,  properly  selecting  the  nature  and  composition  of  the 
electrolyte  solution. 

Effectively,  when  a  polyiodide  electrolyte  with  suitable  additions  of  Cu 
and  In  ions  and  of  HI  is  used  (3,5,7)  and  when  the  semiconductor  surface 
is  protected  by  an  indium  oxide  film,  an  efficiency  of  11. 7Z  (3)  and  of  9.5Z 
(5)  is  achieved. 

These  results  certainly  make  the  CuInSe^  photoelectrochemical  cells  worth 
considering  for  practical  applications.  However,  for  successfully  attaining 
this  goal  one  must  necessarily  consider  low-cost  polycrystalline  electrodes. 
So  far  the  attempts  in  this  direction  have  not  been  encouraging  as  efficien¬ 
cies  well  below  1Z  have  been  obtained  (5) . 

Therefore,  we  carried  out  a  careful  synthesis  of  n-CuInSe^  polycrystalline 
samples,  in  order  to  establish  their  effective  potentialities. 


EXPERIMENTAL  DETAILS 

A  direct  synthesis  from  the  melt  of  CuInSe^  using_|toichiometric  amounts 
of  6N  pure  constituents  elements  in  an  evacuated  (10  Torr)  round  bottom 
quartz  ampoule  was  performed.  Since  indium  reacts  exothermally  with  selenium 
leading  to  the  generation  of  unreacted  selenium  vapour,  the  ampoule  was 
initially  kept  at  200°C  for  about  10  hours  and  then  heated  slowly  (5-5°C/h) 
to  melting.  A  complete  homogenization  was  obtained  keeping  the  melt  at 
1050°C  for  about  20  hours.  Then  the  furnace  was  cooled  gradually  (20°C/h) 
to  avoid  ampoule  cracking  due  to  the  thermal  expansion  of  the  melt  on  solid- 
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if icacion. 

Following  this  procedure,  we  have  obtained  very  homogeneous  polycrystal¬ 
line  ingots  in  which  the  average  grain  size  was  in  the  1-2  am  range.  The 
material  is  of  n  type  and  has  a  resistivity  of  2.6  ohm. cm. 

Slices  of  about  1  mm  thickness  were  cut  from  the  ingots,  mounted  on  a 
teflon  holder  having  a  current  collector,  polished  and  etched  with  a  Br^-MeOH 
(2Z)  solution.  The  samples  were  then  polarized  at  -1  V  (vs.  SCE)  for  5  min¬ 
utes  in  an  aqueous  solution  of  1  mM  In^ ( ^ 3  an<*  *  ^  Na^SO  Co  e^ectro_ 
deposit  an  indium  film  on  the  surface  of  the  semiconductor.  The  film  was 
then  oxidized  by  annealing  at  130°C  for  3  hours.  The  CuInSe  electrode  so 
prepared  was  assembled  in  the  photoelectrochemical  cell  following  a  procedure 
described  in  details  elsewhere  (8). 

The  electrolyte  used  was  an  aqueous  solution  of  2  M  KI,  20  mM  I  (general¬ 
ly  indicated  as  polyiodide),  with  addition  of  Cul  (20  mM) ,  In  (SO  7  (20  mM) 

and  of  HI  (2  M) .  The  current-voltage  curves  of^the  CuInSe^/polyiodide  cell 
were  obtained  under  a  Xenon  lamp  of  100  mW.cm  illumination. 

RESULTS  AND  DISCUSSION 

Similarly  to  what  found  for  single-crystal  electrodes  (3,5,7),  the 
performance  of  the  polycrystalline  n-CuInSe^  samples  is  greatly  influenced 
by  surface  treatments  and  electrolyte  compositions.  Under  the  best  conditions, 
we  observed  a  conversion  efficiency  of  12Z  (Fig.  1),  which  we  believe  is  the 
highest  value  ever  obtained  with  a  photoelectrochemical  cell  based  on  poly¬ 
crystalline  electrodes.  This  value  appears  even  more  interesting  considering 
that  the  cell  was  not  optimized  in  terms  of  electrode  separation  and  of  light 
reflectivity. 

The  impressive  behaviour  shown  by  the  curve  of  Fig.  1  is  the  result  of 
various  combined  effects,  which  include  an  accurate  synthesis  of  the  poly¬ 
crystalline  samples,  a  suitable  modification  of  their  surface  and  convenient 
ion  additions  in  the  electrolyte. 

In  this  last  respect,  particularly  relevant  is  the  role  of  the  hydriodic 
acid  (5),  since  its  addition  to  the  electrolyte  dramatically  improves  the 
performance  of  the  cell,  both  in  terms  of  efficiency  and  stability. 

Fig.  2  shows  the  trend  of  the  output  photocurrent  under  continuous  illu¬ 
mination  for  a  cell  without  (curve  a)  and  with  (curve  b)  addition  to  the 
polyiodide  solution  of  Cul,  In^fSO  )  and  ^atter  case,  the  cur¬ 

rent  remained  practically  unchanged  tor  60  hours.  SEM  examination  of  the 
electrode  surface  at  the  end  of  the  test  did  not  show  surface  modifications. 
These  results  point  out  the  excellent  stability  of  the  polycrystalline  n- 
CuInSe^  electrode  in  the  preferred  electrolyte  solution. 
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Fig. 1  Photocurrent-photovoltage  curve 
for  the  n-CuInSe2  polycrystalline  elec 
trode  coated  with  oxidized  indium  in 
2M  I*,  20  itH  I2,  20  mM  Cu+,  20  rnM  In3+ 
and  2M  HI  solution,  under  nitrogen 
atmosphere . 

Light  power  density  »  100  mW/cm2. 


Fig . 2  Photocurrent  at  maximum  power 
output  vs.  time  of  the  n-CuIr.Se2  photo 
electrochemical  cell: 

a)  bare  electrode  in  the  polyiodide 
solution; 

b)  electrode  coated  with  oxidized  in¬ 
dium  in  the  polyiodide  solution 
with  the  addition  of  Cu*,  In3+  and 
HI. 
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INTRODUCTION 

The  electrochemical  behaviour  of  biologically  important 
pyrazine/dihydropyrazine  redox  couple  has  been  studied  by  several 
dc  electrochemical  techniques1 -6 .  it  seems  well  established,  at 
present,  that  it  is  a  dc  reversible  system  in  acid  solutions 
involving  the  consecutive  uptake  of  two  electrons  with  formation 
of  an  intermediate  radical  cation  whose  stability  strongly  depends 
on  pH. 

However,  there  is  no  information  about  adsorption  pro¬ 
cesses  accompanying  the  electron  transfers,  although  it  is  known 
that  pyrazine  itself  is  adsorbed  at  the  mercury-water  interface7. 

A  small  amplitude  transient  technique  as  the  faradaic  impedance 
measurement  has  been  proved  to  be  more  suitable  in  making  adsorp¬ 
tion  manifest  within  the  faradaic  region®’^.  For  this  reason,  and 
because  it  also  provides  quite  complete  information  about  the 
heterogeneous  process  and  possible  coupled  homogeneous  reactions10, 
the  application  of  this  technique  to  organic  electrode  reactions 
seems  wortwhile. 

In  this  communication  a  combined  impedance  and  dc  pola- 
rographic  analysis  is  presented  for  the  reduction  of  pyrazine  at 
the  DME  in  aqueous  solutions  of  pH  0.5  and  2.8. 

RESULTS  AND  DISCUSSION 

At  pH  0.5  two  overlapping  one-electron  waves  show  up  and 
at  pH  2.8  one  two-electron  wave.  Under  both  conditions,  the 
log  jp/(jD-JF)  vs.  E  plots  are  indicative  of  a  stepwise  reversible 
mechanism!  r 

Ac  data  also  support  this  conclusion,  but,  in  addition, 
they  clearly  show  that  the  electrode  process  is  complicated  by 
adsorption.  This  is  deduced  from  the  facts:  1-  The  magnitude  C  = 

>Y" -  Y'  )/w  is  equal  to  the  C.  value  for  the  supporting  electrolyte 
alone  at  potentials  outside  the  faradaic  region,  but  is  much  higher 
than  at  potentials  near  Ei .  2-  C  decreases  with  increasing 
frequency.  3-  The  ^ 1/1  /  y'  u,,L  e$lots  are  descendent. 

In  order  to  account  for  this  behaviour  the  theory  existing 
for  the  admittance  in  case  of  a  reversible  reaction  with  reactant 
adsorption^  is  extended  to  the  case  of  a  stepwise  mechanism  including 
adsorption  of  all  species. 

From  -he  f requency  analysis  of  the  admittance  the  warburq 
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coefficient,  °  and  the  adsorption  parameters  were  obtained.  The 
o  -E  plots  for  solution  of  pH  0.5  can  only  be  explained  if  the 
product  of  the  second  electron  transfer  is  involved  in  a  homogeneous 
reaction.  The  fit  of  experimental  points  to  theoretical  equations 
allows  the  standard  potentials  for  the  two  electron  transfers  and 
the  rate  constant  for  the  homogeneous  reaction  to  be  obtained.  The 
potential  dependence  of  adsorption  parameters  leads  to  the  conclusion 
that  the  reactant,  product  and  intermediate  are  adsorbed  at  the 
interface. 
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INTRODUCTION 

Pyri  doxal -5' -phosphate  (PLP)  is  a  compound  of 
well-known  importance  in  enzimatic  catalysis.  Its  action  is  a 
•function  o-f  its  enviroment.  PLP  is  bonds  via  a  Schi-ff  base  to 
an  amino  group  o-f  a  polypeptide  chain  in  hidrophobic  or 
hidrophilic  surrounding  1-3  , 

To  correlate  chemical  properties  and  biological 
behaviour,  di-f-ferent  pattern  compounds  have  been  studied  in 
which  PLP  is  in  Schi-f-f  bases  with  amino  acids  and  amines4-**  . 
However,  the  behaviour  o-f  PLP  itself  is  not  well-known, 
especially  as  regards  its  electrochemical  reduction. 

Several  electrochemical  studies  conclude  that  PLP 
reduces  on  DME  via  a  complex  mechanism  *'8  Recently,  we  have 
reported  its  electrochemical  behaviour  in  acidic  medium  in 


aqueous 

reduction 

aromatic 

reaction 


solutions 


observing  that  in  some  aspects  the 


mechanism  of  PLP  is  not  different  from  that  of  other 
aldehydes.  Nevertheless,  hydration-dehydration 
of  the  carbonyl  group  seems  to  be  subject  to 
intramolecular  catalysis1®'11.  This  is  an  important  difference 
^..r.  the  behaviour  of  other  carbonyl  compounds  of  analogous 
structure  . 

The  aim  of  this  communication  is  to  study  the  PLP 
reduction  process  in  aqueous-ethanol  solution  in  acidic  medium 
in  order  to  check  previous  results  on  the  hydration- 
dehydration  process  in  aqueous  solutions  and  to  show  the 
influence  of  the  dielectric  constant  on  the  overall  reduction 
reaction. 


EXPERIMENTAL 

LCSV  measurements  were  carried  out  using  a  wave 
generator  mod.  305  of  Belport  a  and  fast  potentiostat  mod.  105 
of  Belport  with  compensation  of  the  iR  drop.  Data  were 
collected  with  a  digital  oscilloscope  mod.  Prowler  from 
Norland  provided  with  analog  output.  A  HDME  was  used. 


RESULTS  AND  DISCUSSION 

In  aqueous  solutions  and  acid  medium  <pH<5.5>.  PLP 
yields  two  ill-defined  pol arographi c  waves.  The  overall 
reaction  corresponding  to  the  first  wave  involves  one  proton 
and  one  electron  per  molecule,  giving  rise  to  a  free  radical 
which  is  liable  to  dimerize.  The  second  wave  is  due  to  a 
transfer  of  the  one  electron  and  one  proton  to  yield  the  end 
reduction  product,  i.e.  the  corresponding  alcohol^. 
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The  study  of  the  capillary  character i sti cs  in  the 
limiting  zone  of  the  total  wave  allows  to  state  that  a 
chemical  reaction  prior  to  the  electron  transfers  controls  the 
rate  of  the  process.  Thus,  the  log  i  vs  log  t  plots  are 
linear,  with  slopes  of  approximately  o. 25,  higher  than  the 
'  'eoretical  value  for  a  diffusion— control  led  process.  The 
ci  ?mi cal  reaction  involves  the  dehydration  of  the  carbonyl 
g.  !.  ip  of  PLP ,  which  is  hydrated  in  aqueous  solution  .  Although 
th*.\  kinetic  effect  has  not  been  mentioned  in  the  literature, 
it  ‘an  be  confirmed  from  the  results  obtained  at  low 
temper  ture.  Thus,  at  89C  the  log  i  vs  log  t  plot  is  linear, 
with  a  slope  of  0.32,  this  increase  indicating  that  the  rate 
of  a  c  'emical  reaction  prior  to  the  electron  transfer  has 
decrease o 

U-  h  regard  to  the  influence  of  the  ethanol  on  the 
reduction  ,  ocess,  the  total  limiting  current  decreases  as  the 
ethanol  co.ii  'ntration  increases  (Figure  la).  Only  one  wave  is 
observed  at  *.  hanol  concentration  above  30E.  The  iL  ( n/nj  ^  vs 
dielectric  •_  'nstant  plot  (Figure  lb)  shows  that  the  decrease 
in  the  current  is  not  due  to  an  increase  in  the  solution 
viscosity  as  su  % 'sted  for  other  solvents. 

We  hav  studied  the  influence  of  the  capillary 
characteri sties  a^.  a  function  of  the  ethanol  content.  The 
results  found  demons  ‘ate  that  an  increase  in  the  prekinetic 


Figure  1 

character  is  observed  as  the  dielectric  constant  of  the 
solution  decreases.  The  log  iL  vs  log  t  plots  are  linear, with 
slopes  ranging  between  0.25-0.59  for  ethanol  co.  centrations  in 
the  range  0-90"/.. 

The  logarithmic  analyses  of  the  waves  .re  linear  in 
the  etanol  concentration  range  30-90’/..  For  lower  c. ntents,  the 
deviations  from  linearly  observed  are  due  to  the  oi  -urence  of 
two  very  close  waves.  The  slopes  of  the  p’ots  are 
approx i mate! y  -37  mV/dec.,  characteristic  of  an  irreversible 
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two-electron  process.  This  fact  is  confirmed  by  the  results  of 
the  influence  of  the  drop  time  at  potentials  corresponding  to 
the  foot  of  the  waves,  since  the  slopes  of  the  plots  of  log  i 
vs  log  t  are  close  to  0.67. 

The  study  of  the  i-t  curves  on  the  rising  portion  of 
polarographic  waves  has  permitted  us  to  use  the  diagnostic 
criterion  based  on  the  time-independent  function  recently 
reported  by  Camacho  ^ .  Thus,  the  only  function  yielding  linear 
plots  is: 

(1L/l  "  n  (V1L)  ^ 

which  corresponds  to  prekinetic  irreversible  process. 

From  the  i-E  curves,  Tafel  slopes  of  -37  mV/dec  have 
been  obtained  in  the  whole  ethanol  concentration  range.  The 
C-E  curves  traced  at  normal  PLP  concentrations  show  that  for 
ethanol  concentration  above  40%,  PLP  is  not  appreciable 
absorbed  on  the  DME. 

The  linear  sweep  cyclic  voltammetric  measurements 
yield  two  very  close  cathodic  peaks  at  sweep  rates  lower  than 
1  V/s.  Such  peaks  correspond  to  the  two  waves  obtained  in  DC 
polarography.  Only  one  cathodic  step-shaped  wave  is  observed 
at  higher  sweep  rates,  which  is  characteristic  of  a  kinetic 
controlled  process. 

The  results,  therefore,  are  consitent  with  an 
irreversible  process,  partially  controlled  by  a  prior 
dehydration  chemical  reaction  in  the  limiting  zone,  the 
kinetic  control  increasing  with  decreasing  dielectric 
constant. 

The  results  seem  to  indicate  that  the  reported  effect 
of  the  intramolecular  catalysis  decreases  in  a  less  polar 
medium. 
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CORROSION  IN  VIVO  OF  PROSTHESIS  MATERIAL 

ESCUDERO,  M.L. ,  GONZALEZ,  J.A.,  RUIZ,  J. 

CENTRO  NACIONAL  DE  INVESTIGACIONES  METALURGICAS 
Avda.  Gregorio  del  Amo,  8  28040  MADRID  SPAIN 


The  in  vivo  tests  which  provide  the  fullest  information  are 
those  using  electrochemical  measurements  during  the  time  the 
test  material  remains  in  the  animal's  body. 

These  tests  are  not  generally  used  on  account  of  the^r 
difficulty.  However  tests  have  been  performed  on  rats1'-  for 
instantaneous  corrosion  determination. 

The  experimental  design  described  in  this  report  makes  it 
possible  to  determine  in  dogs,  parameters  such  as  polarization 
resistance  or  corrosion  potential.  Further,  it  has  permitted 
plotting  of  polarization  curves  and  determination  of  breakdown 
and  repassivation  potentials.  We  have  not  found  any  records  of 
the  latter  type  of  test  in  scientific  references. 

An  AISI  316L  alumina-covered  steel  was  the  material  tested. 
The  alumina  layer  was  applied  by  plasma  spraying. 

The  work  electrode  design  was  as  follows:  the  ceramic- 
coated  steel  specimen  was  drilled  to  accommodate  a  press-fit 
copper  terminal  for  contact  assurance.  This  externally-threaded 
terminal  has,  in  turn,  an  axial  drilled  hole  through  which  the 
conductor  wire  passes  and  this  is  welded  to  the  lower  end  of 
terminal.  The  bond  was  insulated  by  an  epoxi-resin  sealed 
Teflon  cover  (Fig.  1) . 

This  arrangement  was  used  to  prepare  both  the  work  electrode 
and  the  counter-electrode  which  were  identical.  Some  reference 
Ag-ClAg  microelectrodes  were  also  prepared  (Fig.  2) . 

The  electrodes  under  study  together  with  the  reference 
electrodes  were  implanted  in  the  muscle  tissue  in  the  legs  of 
dogs . 

The  described  experimental  design  permitted  the  following 
determinations  to  be  made: 

-  Measurement  of  corrosion  potential  vs  time 

-  Rp  measurement 

-  The  plotting  of  anodic  polarization  curves3. 

The  in  vivo  results  obtained  make  it  possible  to  verify  that 
the  316L  alumina-covered  stainless  steel  stays  in  the  passive 
state,  throughout  time. 

The  anodic  polarization  curves  reveal  a  reduced 
susceptibility  to  pitting  corrosion,  given  the  great  difference 
between  the  breakdown  and  corrosion  potentials  (Fig.  3) . 

Following  forced  rupture  by  means  of  externally-applied 
polarizations,  it  was  proved  that  the  passivating  film 
regenerates  itself  in  a  few  hour's  time.  Fig.  4  shows  this 
evolution  with  time  of  the  potential  and  corrosion  intensity 
values.  It  is  quite  evident  that  the  initial  values  tend  to  be 
recovered . 

The  developed  technique  allows  determination  of  corrosion 
rate  in  implanted  materials  and  the  evolution  of  the  pitting 
corrosion  susceptibility. 
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All  the  facts  confirm  that  this  material  is  suitable  for 
the  manufacture  of  implants  from  the  corrosion  point  of  view. 
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Fig.  1.-  Diagram  of  prosthesis  connecting  lead  connections 
and  insulation  of  electrodes  used  in  vivo 
measurement  s . 


Fig.  2.-  In  vivo  implanted  electrodes.  One,  of  grey  ceramics, 
another  white  and  the  Ag/ClAg  reference  electrode. 
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.  -  Anodic  polarization  cuj 
intramuscularly  in  dog, 
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ectrodes  implanted 


Fig.  4.-  Evolution  of 
parameters  with  the  time 
towards  values  prior  to 
pitting . 
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Reversible  Formation  and  Disruption  of  Micells  by 
Control  of  the  Redox  State  of  the  Surfactant  Head  Group 

T.  Saji,  K.  Hoshino,  and  S.  Aoyagui 
Tokyo  Institute  of  Technology,  Tokyo,  Japan 


Redox-active  surfactant  micelles  with  attached  redox 
probes  are  of  considerable  interest  since  they  are  expected 
to  play  an  important  role  in  energy  storing  photoreactions. 
However,  no  studies  have  so  far  dealt  with  the  change  in  the 
aggregation  behaviour  of  surfactants  by  control  of  the  redox 
state  of  the  surfactant  molecules.  This  paper  reports  that 
micelles  formed  by  the  univalent  surfactant  FcCH-N+  (CH-. )  C|2h 
,I+,  are  reversibly  disrupted  into  monomers  and  re-formea 
from  the  monomers  by  oxidation  to  the  divalent 
surfactant , i  + ,  and  re-reduction,  respectively. 

Figure  1  shows  the  concentration  dependence  of  the  2 

diffusion  coefficient  and  half-wave  potential  of  I+  and  I^  + 
in  0.2  M  Li _SO .  aqueous  solution  at  25  °C.  The  values  of  the 
diffusion  coefficient,  D.  were  determined  by  potential-step 
chronoamperometry .  The  I  +  solution  was  prepared  from  a 
solution  of  I+  by  controlled-potential  bulk  electrolysis. 

In  Fig.  1  it  was  found  that  the  CMC  of  I+  in  the  presence  of 
0.2  M  LijSO.  lay  near  0.5  mM  and  the  D  value  of  I+  below 
the  CMC,  i.3.  the  diffusion  coeff.  of  app  the  I2  monomer  D  , 
was  kept  nearly  constant  at  (5.0  +  0.5)x10  cn i  s~  .  The 
D  of  I+  beyond  the  CMC,  Cl+]  =  2.0  mM,  was  (1.6  + 

0a§?x10  crn  s~  ,  whereas  that  of  2.0  mM  l  generated  by 
controlled  potential  electrolysis  of  I+  or  by  its  chemical 
oxidatiog  wi£h  equimolar  amount  of  Ce(S0.)_  was  (4.6  ± 
0.5)x10  cni  s  ,  which  was  in  good  agreement  with  the  D 
value.  This  finding  suggests  that  the  micelles  of  I+  be  m 
broken  up  into  the  monomers  by  oxidation,  probably  owing  to 
the  enhancement  in  elecrostatic  repulsion  among  the 
posotively  charged  head  groups  and  in  their  hydrophilic 
character,  and  hence  the  CMC  value  of  the  surfactant 
increased. 

In  order  to  apply  the  above  function  of  I  micelle,  we 
have  turned  to  spectral  measurements  on  1  -  [(2-meth- 
ylphenyl )azo] -2-naphthalene ,  TAN,  solubilized  in  i  micelle. 
Fig.  2  shows  visible  absorption  spectra  of.the  following 
test  solutions:  A,  2  mM  I+  +  TAN;  B,  2mM  I^+  +  TAN;  A',  2mM 
I+  (background  for  A);  and  B' ,  2  mM  I^+  (backgound  for  B)  in 
0.2  M  Li_S04  aqueous  solution.  The  absorbance  of  TAN  470 
nm  (A47q)  determined  from  Fig.  2  were  0.294  for  the  spectrum 
A  and  6:022  for  the  spectrum  B  by  making  background 
correction.  The  TAN  is  only  poorly  soluble  in  water  and  was 
not  oxidized  by  Ce(SO.)2  at  all.  A  comparison  of  these  A.7Q 
values  show  that  92%  of^TAN  molecules  solubilized  in  I+ 
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micelles  were  released  immediately  after  the  breaking  up  of 
the  micelles  and  precipitated  because  of  its  poor  solubility 
in  water.  In  addition,  the  spectrum  A  could  be  reproduced 
(spectrum  c)  by  adding  hydroquinone  to  the  stirred  solution 
exhibiting  spectrum  B,  which  suggests  that  the  I^+  monomers 
be  reduced  to  I  to  reform  micelles  solubilizing  the  TAN. 
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A  SYNTHETIC  MODEL  OF  NADH  WORKING  CATALYTICALLY 
IN  A  BIPHASIC  MEDIUM 


G.  PIERRE,  P.  CHAUTEMPS  and  J.L.  PIERRE, 

Laboratoire  de  Chimie  Organique  Analytique  (U.A.  C.N.R.S.  321)  and 
Laboratoire  d'Etudes  Dynamiques  et  Structurales  de  la  Selectivity 
(U.A.  C.N.R.S.  322). 

B.P.  68  -  Saint  Martin  d'Heres  (France). 


Biomim^tijC  reductions  with  synthetic  models  of  NADH  have 
been  well  studied  and  it  is  of  interest  to  find  a  technique 
allowing  a  recovery  of  the  expansive  reducing  agent  in  order  to  use  it 
several  times  or  at  low  concentrations.  For  example,  if  Ox  is  an 
organic  species,  the  reaction  could  be  written  as  follows  : 

NADH  +  Ox  *  NAD*  +  Red.  (1) 

NAD*  -  NADH  (2) 

The  reaction  (2)  has  been  studied  using  chemical  reducing 
agents  like  sodium  dithionite  (Na.S  0^).  But  a  test  of  regeneration  of 
NADH  led  to  an  accumulation  of  the  sulfite  formed  and  the  reaction 
stop  after  5  cycles. 

An  electrochemical  regeneration  of  the  product  by 
electrolysis  is  developped  in  this  paper  in  order  to  avoid  the  problem 
of  the  accumulation  of  an  undesirable  chemical  product.  But  it  was 
necessary  to  find  a  reversible  system  analog  to  the  NAD  /NADH  system. 

The  studied  system  deals  with  N-phenyl  carbamoyl 
pyridinium  salt  NPA  which  is  known  to  be  reduced  into  the  dihydro  1,4 
pyridine  derivative  (or  N-phenyldihydrogicotinamide  PNAH)  without 
other  isomers  which  would  give  by  products  . 

The  electrochemical  behaviour  of  the  N-phenyl  carbamoyl-3 
pyridinium  chloride  in  an  aqueous  pH  7  solution  is  shown  on  the 
figure,  curve  1.  On  mercury,  two  waves  are  observed  at  -  0.8  and  -  1.8 
V  vs  SCE  corresponding  to  the  reactions. 

PNA*  +  e  -  PNA' 

PNA '  +  e  +  H*  -  PNAH 

A  reduction  at  -  1.2  V,  that  is  on  the  current  plateau  of 
the  first  wave  gives  directly  the  N-phenyl  g^ihydro  1,4  nicotinamid 
resulting  from  a  disporportionation  reaction 

2  PNA'  *  (PNA) 

(PNA)2  ♦  H*  -  PNA*  i  PNAH 
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The  substrat  Ox  chosen  to  study  the  reducing  properties  of 
PNAH  (reaction  1)  was  the  hexachloroaceton.  Following  the  results  of 
ROMER  et  al  ,  this  ketone  is  reducible  in  neutral  solution  as  soon  as 
OV.  but  the  reduction  current  is  very  low,  about  150  times  lower  than 
for  the  monochloroaceton.  In  fact,  a  reduction  of  (CC1.)  CO  on  a 
mercury  pool  did  not  lead  to  the  formation  of  the  alcool  derivative. 

At  the  opposite  of  the  pyridinium  salt,  the  ketone  and 
PNAH  are  poorly  soluble  in  water  but  soluble  in  some  organic  solvents. 
So  the  electrolysis  has  been  performed  in  a  cell  containing  a  biphasic 
mixture  H20  +  CH^Cl^  (see  the  scheme  below) 

PNA+  is  reduced  at  -  1.2  V  on  mercury  in  the  aqueous 
medium  and  gives  an  insoluble  yellow  precipitate  which  falls  down  at 
the  bottom  of  the  cell  containing  CH  Cl.  and  (CCl^)  CO.  The  chemical 
reduction  of  the  ketone  takes  place  (with  a^slow  raze,  6  =  40°,  48  h.) 
giving  the  acohol  derivative,  detected  by  H  NMR,  and  the  pyridinium 
salt  for  another  cycle.  Four  cycles  of  the  PNA  /PNAH  have  been 
performed. 


The  study  of  more  sophisticated  systems  is  in  progress. 
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EFFET5  DE  LA  DOUBLE  COUCHE  D'HELMOLTZ  SUR  LA  DISTRIBUTION  DU 
*  POTENTIEL  ET  LE  COMPORTEMENT  CAPACITIF  DE 

L' INTERFACE  SEMICONDUCTOR  OU  SEMIMETAL  /  ELECTROLYTE 

G.  BARRAL,  J.P.  DIARD,  C.  MONTELLA 

Ecole  Nationale  Sup^rieure  d' Electrochimie  et  d'Electrom4tallurgie 
de  Grenoble  -  Laboratoire  d' Energ4tique  Electrochimique  -  LA  associd  au  CNRS 
n°  265  -  BP  75  -  Domaine  Universltalre  -  38402  SAINT  MARTIN  D'HERES  -  FRANCE 


Le  module  de  1' interface  semiconducteur/41ectrolyte  conduit  aux  rela¬ 
tions  : 

111  C_1  ■  CCE  *  S‘ 

BP  —  1 

(2)  V  -  V  =  A*ce  ♦  A$h  =  A*c£  ♦  (qcE.CH  ) 

qui  permettent  d'estimer  les  contributions  des  capacity  dif f4rentielles  des 

couches  de  charge  d'espace  C  et  d'Helmoltz  C  et  des  variations  A4  et 

CE  H  CE 

A$  des  ddp  d'origine  non  dipolaire  aux  bornes  de  ces  couches  A  :  (I)  la  capa- 

H  1-3 

citd  dif f4rentielle  C  et  (2)  la  variation  de  la  ddp  interfaciales 

Pour  des  phases  semiconductrices  non  d4g6n6r6es,  les  valeurs  de  la 

charge  d'espace  et  de  CC£  calculdes  A  partir  de  1' Equation  de  Poisson- 

Boltzmann  et  une  valeur  de  C  comparable  A  celle  que  l’on  mesure  aux  interfaces 

H 

iddalement  polarisables  mdtal/dlectrolyte  concentrd,  radnent  aux  indgalitds  : 

(3) cce<<ch  et  >a*ceI  >>  I^ce'-S1 


Les  variations  de  C  avec  la  tension  d' Electrode  V  de  ces  mat4riaux 
usuels  sont  analogues  A  celles  de  C„„  avec  A$__  *  3. 

CE  CE 

Une  exception  est  th4oriquement  attendue  pour  certaines  phases  extrin- 

sAques  de  grande  4nergie  d1 activation  qui  poss£dent  une  constante  di41ectrique 

4  BP 

relative  c  41ev6e  .  La  determination  de  la  tension  de  bande  plate  V  par 

r  _2 

extrapolation  AC  =  O  de  la  representation  Mott-Schottky  nScessite  la  connais- 

A 

sance  de  la  valeur  de  C  .  Celle-ci  pourrait  Atre  obtenue  par  simulation  de  la 

H  5 

courbe  expdrimentale  au  moyen  des  relations  (1)  et  (2) 

En  fait,  le  rfile  de  la  couche  d'Helmoltz  devient  plus  important  pour 

des  phases  d4g4n6r4es  en  raison  d'une  4nergie  d' activation  faible,  d'un  doppage 

important  et/ou  d'une  polarisation  appropri4e.  Diff4rents  cas  seront  envisages. 

Le  carbone  pyrolytique  hautement  orient^  (HOPG)  est  pr4sent4  ici 

A  titre  d'exemple.  Ce  semim4tal  intrinsAque  a  une  4nergie  d'activation  n4ga- 
6 

tive 


msssssssss 

pmmim***  .  . . .  ■  ■ 


~4e*  »  *■  *-%  wi .  *-.  4j>  ^a  *j  «„uv.f  **.*.■ 
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Los  variations  experimentales  de  sa  charge  et  de  sa  capacity  dif f^rentielle 
ont  £t6  reproduites  sur  les  figures  1  et  2.  Sur  ces  m§mes  figures,  nous  avons 
repr4sent6  les  variations  th^oriques  calcul^es  h  partir  des  relations  (1)  et 

(2)  en  supposant  que  les  densities  d' 6tats  4nerg6tiques  du  HOPG  sont  paraboliques . 

1-3  9 

qcE  et  CCE  ont  4t4  obtenues  2t  partir  de  liquation  de  Poisson-Fermi  '  . 

Nous  attribuons  les  bons  r^sultats  obtenus  par  cette  m^thode  au  fait  qu’elle 

10 

conduit  dans  certains  cas  a  des  valeurs  de  q^  en  assez  bon  accord  avec  cel— 
les  calcul^es  par  une  m^thode  approch^e  de  resolution  simultanSe  des  equations 
de  Poisson  et  de  Schrodinger. 

Le  pourcentage  de  la  variation  de  la  ddp  qui  est  localisee  aux 
bornes  de  la  couche  d'Helmoltz  a  ete  reporte  sur  la  figure  3. 
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adsorption  of  the  ethylenedithioldiacetic  acid  and  thioglycolic 

ACID  AT  THE  MERCURY  SOLUTION  INTERFACE 
M.  ERCEG  and  D.  SU2NJEVIC 

Faculty  of  Science,  Institute  of  Physical  Chemistry,  Univ.  of  Belgrade, 
Belgrade,  Yugoslavia 


A  series  of  differential  capacity  vs.  potentials  curves  have  been  obtained 
from  aqueous  buffered  (Britton-Robinson  univ.  buffer)  KNOj,  and  nitric  acid-ni¬ 
trate  solutions,  covering  the  wide  pH  range  from  0.65  to  9.8.  The  concentration 
of  ethylenedithioldiacetic  acid  ( HgZ )  and  thioglycolic  acid  (TGA)  in  these  ex¬ 
periments  was  1-10  ^  mol/dm^.  The  capacity  curves  were  also  recorded  upon  var- 
rying  cone,  of  acids  in  the  presence  of  B.R.  buffer  cone,  which  was  0.1  mol/dnrl 
The  characteristic  C-E  curves  at  different  pH  are  represented  at  Fig.  1  and 
Fig.  2  for  H£Z  and  TGA  respectively. 


From  Fig.  1  it  was  assumed  that  the  neutral  molecule  of  H2Z  adsorbs  at  the 

electrode  surface  causing  the  double  layer 
capacity  lowering  around  e.c.m.  By  increa¬ 
sing  the  pH  the  capacity  rises  to  a  certa¬ 
in  extent  aproaching  the  first  dissocia¬ 
tion  constant,  pK1  =  3.2.  Above  that  value 
the  capacity  increases  sharply  to  the  se¬ 
cond  dissociation  constant  pl^  =  4.1  and 
then  the  capacity  line  shows  a  tendancy 
to  follow  the  supporting  electrolyte  one. 
It  means  that  the  dissociation  products  of 
H2Z  do  not  adsorb  at  the  mercury  surface. 
Adsorption/desorption  capacity  peaks,  as 
it  was  noticed  from  Fig.  1  may  only  be 
observed  at  the  negative  side  of  the  e.c. 
m.  They  have  good  simmetry  and  oval  form 
which  suggests  that  corresponding  attrac¬ 
tive  constant,  a,  is  less  than  one.  The 
peak  simmetry  potential  moves  towards  ne- 
^ .  gative  values  by  increasing  of  pH,  sho- 

„  ,  .  .  ,  ^  „  ...  „  „„„  wing  clearly  the  two  inflections  at  the 

trolyte  is  about  -0.45  V  V3  SCE  3 

characteristic  value,  i.e.  pK^  and  pK2. 

At  the  positive  side  of  e.c.m.  the  faradaic  process,  takes  place'  at  he  poten- 
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tial  of  HgZ  desorption  producing  pseudocapacity  increase  so  that  adsorption/de¬ 
sorption  capacity  peak  in  this  potential  region  could  not  be  possible  to  obser¬ 
ve. 

At  the  constant  pH  the  capacity  depression  around  e.c.m.  becomes  more  in¬ 
tensive  by  increasing  of  H£Z  cone.  From  the  graph  constructed  using  surface 
coverage  vs  equilibrium  cone,  of  neutral  form,  H2Z,  the  adsorption  izotherm  of 
the  Langmuir  type  was  obtained. 

The  C-E  curves  at  different  pH  for  TGA  (Fig.  2)  show  capacity  depression 
in  a  relatively  wide  range  of  potentials  around  e.c.m.  only  at  higher  acidity 
and  that  range  becomes  rather  narow  at  pH  above  3.  The  relation  between  capa¬ 
city. 

At  constant  potential  and  pH  applied  the  constructed  graph  gave  evidence 
of  the  first  dissociation  constant  of  TGA  (pK^  =  3.4).  The  pl^  was  not  possib¬ 
le  to  obtain  because  the  pseudocapacities  presented  from  the  corresponding 
faradaic  processes  covered  the  potential  region  examined.  In  the  whole  poten¬ 
tial  range  at  the  positive  side 
of  e.c.m.  the  adsorption/desor¬ 
ption  capacity  peaks  were  not 
possible  to  resulute  from  the 
pseudocapacities  presented. 

At  the  negative  side  of  the 

e.r  «<  Hv  ,  •  r 

are  very  small  and  distorted 
so  they  are  not  common  for 
analysing. 

Fig.  3.  represents  the 

C-E  curves  of  TGA  obtained  for 

different  acid  cone,  covering 
-5  -2 

region  between  2*10  to  5-10 
mol/dm3.  At  pH  =  2.10  (B.R.  buf¬ 
fer  +  KNO3).  From  the  pretty 
wide  potential  region,  which  was 
not  disturbed  by  the  pseudocapa¬ 
cities,  it  was  posible  to  follow  Fig.  2.  C-E  curves  for  TGA  at  different  pH 
the  electrode  surface  coverage  (all  other  stated  as  in  Fig.  1) 

in  function  of  equilibrium  cone. 

of  TGA.  The  obtained  adsorption  izotherm,  from  such  analysis,  gives 
evidence  of  two  plateaus  indicating  that  the  reorientation  of  adsorbed  TGA 
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probably  occurs  at  higher  TGA  cone,  as  a  result  of  stronger  interaction  betwe¬ 
en  adsorbed  molecules  and  mercury.  The  number  of  adsorbed  TGA  molecules  which 
corresponds  to  the  second  plateau  becomes  about  two  time  greater  than  the  one 
calculated  from  the  furst  plateau. 


Fig.  3.  C-E  curves  for  TGA  at  different  acid  cone, 
from  1' 10  4  to  5-10  2  mol/dir? 

(all  other  stated  as  in  Fig.l) 

On  the  basis  of  differential  capacity  studies  it  was  possible  to  expla¬ 
in  the  compley  mechanism  of  Me-ion  reduction  from  H^Z1  as  well  as  anodic  beha¬ 
viour  of  TGA  in  d"C.  polarography.  In  both  cases  the  adsorption  of  neutral 
molecules  has  a  big  influence  on  the  electrode  kinetics  in  these  system. 
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DIFFERENTIAL  CAPACITANCE  AND  SURFACE  CONDUCTANCE  OF  GOLD 
IN  THE  PRESENCE  OF  ADSORBED  AMYL  ALCOHOL 

R.I.  Tucceri  and  D,  Posadas 

Instituto  de  Investigaciones  Fisicoqufmicas  Teoricas  y  Aplicadas  -  (INIFTA) 
Casilla  de  Correo  16,  Sucursal  4,  (1900)  La  Plata,  ARGENTINA 


INTRODUCTION 

Recently  the  measurement  of  the  surface  conductance  (SC)  as 
a  tool  to  study  adsorption  at  electrodes  has  received  growing 
attenti onl > 2 .  in  order  to  study  the  effect  of  adsorption  on  SC 
we  choose  amyl  alcohol  as  a  probe  molecule.  Since  this  requires 
the  knowledge  of  the  degree  of  coverage  as  a  function  of  the 
electrode  potential,  we  carried  out  a  capacitance  study  for  the 
adsorption  of  pentane-l-ol  on  the  thin  film  gold  electrodes  to¬ 
gether  with  the  resistance  measurements. 

EXPERIMENTAL 

Measurements  were  carried  out  using  the  same  techniques  and 
experimental  setup  as  previously  reported  for  capacitance  and  SC 
measurements.  The  surface  characteristics  of  the  electrode  were 
the  same  as  those  employed  before.  Five  concentrations  in  the 
range  5xlO~2  <  C  <  0.15  M  of  amyl  alcohol  at  25°C  were  studied. 

RESULTS  AND  DISCUSSION 

The  analysis  of  capacitance  data  allows  to  fit  Frumkin  ad¬ 
sorption  isotherm  with  parameters  very  similar  to  those  found 
by  previous  workers  for  the  adsorption  of  ethyl  ether  on  single 
gold  c rys ta 1 s 3,  The  isotherm  is  congruent  with  (E-Em)^  where  E 
is  the  potential  and  m  refers  to  the  maximum  of  adsorption.  The 
relevant  parameters  of  adsorption  are  compared  witn  those  on 
mercury  and  (110)  single  gold  crystal  in  table  1.  The  mean¬ 
ing  of  the  symbols  is  the  usual  one^.  From  them  it  is  inferred 
that  amyl  alcohol  adsorbs  weakly  on  gold.  The  change  with  poten¬ 
tial  of  the  coverage,  9,  for  different  concentrations  of  the 
alcohol  is  shown  in  Fig.  1.  The  relative  change  of  resistence, 
AR/R  as  a  function  of  potential,  is  shown  in  Fig.  2.  It  is  observ 
ed  that  the  AR/R  decreases  as  the  potential  increases  until  that 
at  a  potential  near  the  minimum  of  the  capacitance  curve  for  tne 
corresponding  alcohol  concentration,  it  increases  again.  Compari_ 
son  of  Figs.  1  and  2  shows  no  direct  correlation  between  AR/R 
and  8.  In  the  base  electrolyte  alone  no  field  effectl'2  is  found. 
The  field  effect  is  the  AR/R  change  brought  about  by  the  change 
in  the  surface  charge,  o,  on  the  electrode,  AR/R  -  ko.  Thus,  we 
infer  that  the  field  effect  could  be  masked  by  the  effect  of  the 
re -or i ent a t i on  of  the  solvent  on  the  electrode  resistance  as  o 
changes.  As  the  alcohol  adsorbs,  due  to  its  weak  adsorption  ener 
gy,  the  main  effect  on  AR  would  be  to  displace  the  solvent  mole- 
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cules.  In  this  way  the  field  effect  would  increase  causing  a 
decrease  in  AR/R. 
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TABLE  1 

Adsorption  parameters  of  amyl  alcohol  on  mercury  and  gold  and 
diethyl  ether  on  (110)  single  gold  crystals. 


Parameters 

this  work 

amyl  alcohol  on 
mercury ** 

diethyl  ether  on  Au^ 
(110)  single  crystal 

Err/V 

-0.03 

- 

-0.52 

VV 

0.02 

0.2 

-0.45 

om/10"6  C  cm-2 

0.4 

- 

-2.0 

cVlO'6  F  cm'2 

9.77 

4,20 

12.0 

CQ/10'6  F  cm'2 

37.4 

- 

44.0 

-2 

r  /molec  n  m 

2.1 

2.9 

2.7 

8m/dm3  mol"1 

4.05 

- 

1.1 

-AG/kO  mol"1 

13.41 

19,14 

10.0 

a 

1.68 

1.48 

1.35 

b/V*2 

7.6 

• 

14.0 

Fig.  1 . -  Coverage  o 4 
amyl  alcohol,  9,  ai  a 
function  06  potential 
vi.  CSE,  E.  (---)  0.04 
F,  [  o  -o  -  )  5x70-2,  (  x  -  x -) 
2.0x70-2,  (a-a-)  7.7x 
10-1.  { a-A- }  1.5x10-1  M 
amgE  alcohol. 


Fig.  1.-  Relative  aeiii- 
tance  change,  AR/R,  vi. 
poten^xlai,  E.  The  meaning 
the  iumboti  ii  ai  in 


09040 


IONIC  COMPONENTS  OF  CHARGE  AT  THE  MERCURY/KI  +  KC1  AQUEOUS 

SOLUTION  INTERPHASE 

G.J.  Gordillo*  and  D.  Posadas 

Instituto  de  Investigaciones  Fisicoqufmicas  Tefiricas  y  Aplicadas  -  (INIFTA) 
Casilla  de  Correo  16,  Sucursal  4,  (1900)  La  Plata,  ARGENTINA 


The  study  of  the  ionic  components  of  charge  at  the  metal/ 
solution  interphase  has  been  mostly  restricted  to  pure  salts  and 
to  mixtures  with  KF  and  KP F 6  at  constant  ionic  strength  where  the 
F*  and  PFi  ions  are  assumed  not  to  be  specifically  adsorbed. 

In  mixtures  with  F*  ions  an  anamolous  behaviour  of  the  speci_ 
fically  adsorbed  charge  has  been  observed  for  anions  such  as  PFg, 
NOj,  CIO4,  HpP04  and  Br"  which  has  been  attributed,  in  some  cases, 
to  the  specific  adsorption  of  the  F"  ion  at  high  anodic  charges. 
This  was  inferred, in  the  work  at  constant  ionic  strength,  from  a 
crossing  point  in  the  charge  of  the  specifically  adsorbed  anion 
at  high  positive  charges.  If  this  were  so,  a  mixture  of  two  a- 
nions,  such  as  Cl“  and  I'  should  show  a  similar  behaviour  in 
that  both,  a  crossing  point  for  the  charge  of  the  specifically 
adsorbed  I'  together  with  an  increase  in  the  specific  adsorbed 
charge  of  Cl”  should  be  found. 

To  this  end  the  differential  capacity  of  63  solutions  of 
varying  composition  were  measured  employing  the  experimental  set 
up  described  previously!.  The  concentration  variable  selected 
was  the  chemical  potentials  of  the  salts.  Nine  concentrations  of 
K I  (7x10-3  <  C k I  <  0.1  m)  at  constant  activity  of  KC1  and  seven 
concentrations  of  KC1  (9x10-3  <  C KC 1  <  0.38  m)  at  constant  acti¬ 
vity  of  KI  were  made.  The  potentials  of  zero  charge  were  determined  by  the 
streaming  mercury  electrode  and  by  the  back  integration  method2. 
The  ionic  components  of  charge  for  iodide  ion,  oj-  and 
chloride  ion,  ac|-  were  determined,  following  the  thermody¬ 
namic  analysis  given  in  (2),  from  Parsons'  function  and  em¬ 
ploying  Gouy  Chapman  theory  at  a  sufficiently  negative  charge 
to  ensure  that  neither  I"  nor  Cl’  ions  were  specifically  adsorted. 
They  are  shown  in  Fig,  1,  The  main  feature  of  Fig,  1  is  the  ap¬ 
pearance  of  a  crossing  point  in  oj-  and  the  absence  of  adsorption 
of  Cl"  ion.  We  cone  1 ude, therefore,  tha t  the  appearance  of  a  cros¬ 
sing  point  is  not  necessarily  related  to  the  specific  adsorption 
of  the  anion  of  the  supporting  electrolyte.  It  is  seen  in  Fig.  1 
at  high  negative  charge  that  for  the  most  dilute  solutions  oj- 
increases  with  -0.  This  behaviour  has  been  previously  observed 
in  dilute  solutions  for  different  anions:  SO4,  0H“,  CIO4,  Cl" 
and  I".  In  our  opinion  this  behaviour  is  consistent  with  an  ad¬ 
sorption  of  the  anion  at  the  diffuse  layer  at  high  cationic 
charges  due  to  oscillations  of  the  potential  with  the  distance. 


•Present  address:  Departamento  de  Quimica  Fisica,  FCEN,  UBA,  Ciudad  Univer- 
sitaria,  Pabellon  2,  Buenos  Aires,  ARGENTINA. 
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This  effect  for  the  I"  ion  should  be  more  noticeable  at  high 
concentrations  of  KC1  and  low  concentration  of  K I ,  Since  the 
condition  for  the  occurrence  of  the  adsorption  of  1“  at  the  dif¬ 
fuse  layer  is  a  high  cation  charge  in  the  diffuse  layer,  this 
phenomena  would  also  occur  at  high  positive  charges  where  is 
high.  Therefore,  aj-  have  a  contribution  due  to  adsorption  at 
the  diffuse  layer  which  is  more  important  at  the  lower  concentre^ 
tions  of  KI.  This  would  explain  why  a  crossing  point  is  observ-- 
ed . 
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PROPER  TES  OF  THE  MTERFACE  STEEL  -  THERMALLY 
FORMED  OXIDE/ELECTROLYTE 

JL  M  ALINA  and  B.  LOVRECEK* 

Faculty  of  Metallurgy  Slsak,  University  of  Zagreb  (Yugoslavia) 


Oxide  layers  thermally  grown  on  steel  are  practically  and  theoretically  of  con¬ 
siderable  Interest.  The  Investigation  of  their  properties  can  be  applied  in  a 
number  of  uses,  from  hydrometallurgy  to  energy  conversion.  In  this  work,  the 
iron  oxide  -  solution  interface  has  been  investigated  by  studying  the  electroche¬ 
mical  aspects  of  it.  The  aim  is  to  derive  the  informations  about  the  Interaction 
at  this  interface  from  double  layer  characteristics. 

Potentlometrlc  titration  and  streaming  potential  methods  were  applied.  The  oxi¬ 
de  was  thermally  formed  on  steel  filings  (DIN  St  12,  0.3  to  0.4  mm  size)  at 
773  K  In  an  oxygen  atmosphere  for  one  hour,  then  cooled  down  for  15  minutes 
In  the  same  atmosphere.  Metallographlc  and  X-Ray  diffraction  analyses  indica¬ 
ted  that  oxide  scale  on  steel  consists  of  two  layers:  the  Inner  layer  Fe^O^ 

(~90  %)  is  covered  with  thin  outer  layer  of  </C  -Fe2Oj. 

Supporting  electrolyte  was  0.15  M  HjBOj  or  10“3  M  KNOj.  Acidity  was  adju¬ 
sted  by  means  of  0.075  M  NajB^O^  (borate  buffer)  and  by  means  of  10"^  M 
KOH  or  HN03. 

From  the  experiments  in  borate  buffer  solutions  derived  zeta-potential  vs  pH 
dependance  revealed  a  linear  relation  (Fig.  1.).  This  Indicates  that  H*  and  OH" 
Ions  are  potential-determining  at  oxide  layer/electrolyte  Interface  as  shown 
schematically  for  hydrated  surface*: 

[  >Fe(H20)2(0H)] 

Such  Interface  can  be  interpreted  in  terms  of  a  classic  double  layer  structure 
with  simple  equilibrium  relationships. 


h*  r 


- [>Fe(H20)(0H)2]  f>Fe(H20)(OOH)| 

oh"l  j  h+  l  -j 


*B.L.  -  NaljeSkovideva  29,  Zagreb,  Yugoslavia 
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Fig.  i.  Zeta-potential  vs  pH  in  Fig.  2.  Zeta-potentlal  vs  pH  in  nitrate 

borate  solutions  solutions:  x-conditioned  by  con¬ 

tact  with  filings,  o-unconditioned 


In  KNOj  solution  the  situation  is  rather  different,  and  the  values  of  zeta-potentl- 
al,  formally  calculated  seems  to  high  at  extreme  points.  As  indicated  in  Fig.  2, 
througn  experimental  points  an  S  -  shaped  curve  can  be  drawn.  It  is  interesting 
that  this  shape  appears  to  be  alike  to  the  q  =  f(pH)  curve  derived  from  potentio- 
metric  measurements  (Fig.  3),  Out  the  difference  in  zero  charge  -  point  Is  cca 
one  pH  unit.  Surface  charge  density  values  can  be  used  for  calculation  of  zeta 
potential,  as  well  as  for  the  diferential  capacity  and  interfacial  energy  curves. 
These  calculations  are  based  on  some  assumptions  which  represent  a  certain  for¬ 
mal  standpoint.  As  an  example,  by  calculating  zeta  -  potential  depending  on  pH 
very  high,  even  unrealistically  high  values  are  derived.  By  graphical  integration  of 
the  charge  density  piot  in  Fig.  3,  the  changes  in  the  interfacial  energy  are  ob¬ 
tained  (Fig.  4). 

The  measurements  performed  and  the  analysis  of  results  show  that  applied 
methods  can  give  the  useful  informations  about  the  system  investigated,  as  well 
as  they  reveal  a  complex  nature  of  it.  The  differences  which  appear  by  chan¬ 
ging  electrolyte  and  pH  In  a  given  range  show  that  system  is  composition  de¬ 
pending.  The  buffering  effect  of  borat  electrolyte,  the  kind  of  ionic  species  pre¬ 
sent,  partlcularilly  anionic  -  this  are  the  factors  that  influence  the  system, 
without  mentioning  the  solubility  that  must  be  taken  Into  accont  at  more  detai¬ 
led  analysis,  in  this  stage  of  work,  the  Interaction  with  anions  is  the  most  inte¬ 
resting  aspect. 
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Fig.  3.  Surface  charge  vs  pH 
in  nitrate  solutions 


Fig.  4.  Interfacial  energy  variation 
in  nitrate  solutions 


This  interaction  can  be  manifested  in  different  ways,  even  by  incorporation 

2 

resp.  exchange  of  the  surface  OH  groups  : 


r>Fe(H20)(0H)2l  -  -  ~  f>Fe(H20)J2A‘  T  ♦  OH* 

L-  -*  OH*  L-  J 

The  system  Investigated,  in  which  hydrated  layer  is  In  contact  with  the  solution, 
such  an  interaction  could  also  participate.  This  interaction  has  dual  effect: 
first,  it  changes  the  nature  of  layer  (specially  at  surface),  and  secondly  it  gives 
rise  to  experimentally  determined  q.  In  this  sense  our  results  are  discussed. 
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The  deactivation  of  metal  catalysts  by  sulfur  compounds  is  a  major 
problem  in  heterogeneous  catalysis.  Transient  electrochemical  methods  can 
give  interesting  informations  about  the  nature  of  adsorbed  sulfur  species 
on  the  surface  of  metals,  such  as  platinum  and  iridium,  used  in  particular 
as  reforming  catalysts. 

The  adsorption  of  H.S  is  carried  out  in  an  acid  solution  and  in 
the  potential  region  of  double  layer  (0.5V/ERH)  on  platinum  and  in  the 
potential  of  minimum  current  (0,4  V/ERH)  on  iridium.  This  operation  is 
followed  by  a  positive  non-stationary  current  indicating  the  oxidation 
of  the  sulfide  species  on  both  metals.  The  degree  of  coverage  of  the  sulfi- 
dized  electrode  is  measured  by  some  voltammetric  cycles  in  the  hydro¬ 

gen  region.  When  the  anodic  limit  of  potential  is  extended  to  the  region 
of  formation  of  oxides  (1.5V/ERH  for  the  platinum  and  1.4V/ERH  for  the 
iridium,) , the  adsorbed  sulfur  species  are  oxidized  and  desorbed  as  sulfates, 
but  several  cycles  are  needed  to  oxidize  all  the  adsorbed  sulfur.  All  these 
qualitative  remarks  are  the  same  for  the  platinum  1»2>3 
and  for  the  iridium  electrode.  A  balance  between  the  number  of  electrons 
involved  during  the  adsorption  of  sulfur  species  and  during  their  oxidation, 
reported  to  the  number  of  occupied  metal  atoms,  allows  the  determination 
of  the  adsorption  valency  and  of  the  adsorption  stoichiometry  of  these 
species  ^  .  Several  platinum  electrodes  have  been  studied  in  function  of 
the  degree  of  coverage  by  the  adsorbed  sulfur  species.  The  adsorption  valency, 
X  depends  on  the  degree  of  coverage,  $  Ifig  1)  :  it  is  negative  for 
low  degrees  of  coverage  (  $  <0,25)  and  close  to  zero  for  high  g^.  An  effect 
of  the  surface  roughness  is  also  observed  :  the  adsorption  valency  is  not 
the  same  for  electrodes  of  different  degree  of  roughness  and  in  some  cases 
(high  degree  of  roughness)  it  can  be  positive  (  for  0,25 <  6  ) .  The  adsorp¬ 
tion  stoichiometry,  np  f  ,  depends  also  on  the  degree  of  coverage  (fig  2): 
it  changes  from  about nL  ,  ■  2  for  low  sulfur  coverages  (0s<O,25) ,  to 
near  np  .  ■  1  for  high  g  ,^he  effect  of  the  degree  of  coverage  on  the  ad¬ 
sorption  Valency  is  qualitatively  the  same  for  the  system  S/  Ir  (fig  3). 

But  the  adsorption  stoichiometry  njr/s  is  higher  than  that  of  the  system 
S/Pt  (fig  4)  :  it  is  greater  than  five  for  0  <0,20  and  njr/£  2-3  for 
6  >0,25.  Indeed,  it  is  very  difficult  to  obtlin  a  low  $  on  'ir  (lower  than 
of 15),  because  the  first  fraction  of  adsorbed  sulfur  inhibits  the  hydrogen 
adsorption  on  a  large  number  of  iridium  atoms. 

This  experimental  method  has  been  checked  with  the  help  of  the  system 
S/ A  u. Indeed,  on  the  gold,  the  adsorption  of  the  sulfur  can  be  studied  on 
a  wide  potential  region  ;  another  advantage  is  that  the  oxidation  of  adsorbed 
sulfur  species  in  sulfate  is  complete  during  one  voltammetric  cycle. 

The  behaviour  of  the  adsorption  valency  X  •  in  function  of  the 
degree  of  coverage  is  the  same  as  in  the  <?ase  of  platinum  and  iridium. 

Thus,  it  can  be  deduced  that  the  bond  of  sulfur  with  metals  of  group  VIII 
and  IB  is  partially  ionic  in  low  degrees  of  coverage,  Q  <0,25),  becoming 
mostly  covalent  for  higher  0  . 
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ADSORPTION  OF  ASCORBATE  IONS  ON  MERCURY  ELECTRODE  IN  PRESENCE  OF 
POTASSIUM  PERCHLORATE. 

Ma.M. GOMEZ  and  E . ALDA 

Departamento  de  Electroqufmica .  Universidad  Autdnoma  de  Madrid. 
28049  MADRID.  Spain. 


INTRODUCTION 

The  ascorbate  ion  (AH-)  is  a  monovalent  ion  of  the  L-ascorbic 
acid  (Vitamin  C) .  The  acid  itself  and  the  monovalent  ion  consist 
of  roughly  planar  i-lactone  ring  with  side-chain  in  a  more  or 
less  staggered  conformation.  The  acidity  of  the  compounds  is 
associated  with  the  proton  at  0(3)  because  of  the  conjugated 
O  ( 1)  =C  ( 1) -C  (2)  =C(  3) -0  ( 3)  system  in  the  ring. 

The  aim  of  the  present  study  was  to  determine  the  structure 
of  the  mercury  solution  interface  for  AH-  and  to  analyze  how  the 
desprotonitation  at  0(3)  affects  the  adsorption  process  by  compar 
ing  the  results  with  those  obtained  for  L-ascorbic  acid1  (LAA) . 
Potassium  perchlorate  was  used  as  support  electrolyte  and  the  pH 
of  the  solution  was  mantained  equal  to  7  with  KOH,  in  order  to 
study  the  adsorption  of  the  monovalent  anion. 

EXPERIMENTAL 

Electrocapillary  and  capacity  measurements  were  carried  out 
in  aqueous  solutions  of  10"^M  KCIO4  at  seven  different  concentra 
tions  of  LAA  ( 5x10“4_7Xio~3) .  A  pH  of  7  was  mantained  for  each 
solution  by  adding  KOH.  Measurements  were  taken  at  25°C.  and  all 
solutions  were  previously  deoxygenated  by  bubbling  nitrogen 
during  lh . 

The  double  layer  capacity  was  determined  using  an  impedance 
bridge.  REsults  were  independent  of  drop  time.  Measurements  were 
ussually  made  at  a  frequency  of  937  Hz,  they  were  independent  of 
frequency  within  the  range  0.2-1. 4  KHz.  A  satured  calomel  elec¬ 
trode  was  used  as  the  reference  electrode.  The  measurements  of 
the  zero-charge  potential  was  carried  out  using  a  streaming 
electrode.  The  maximum  interfacial  tension  was  obtained  by  using 
a  classical  electrometer. 

RESULTS  AND  ANALYSIS 


The  capacity  hump  occurs  in  the  anodic  region  of  p.z.c.  and 
increases  in  height  with  a  shift  towards  negative  potentials  as 
the  bulk  concentration  of  the  electrolyte  increases.  It  is  observed  that 
at  concentrations  greater  than  2. 5x10” of  ascorbate  ion  the  minimum  in  the 
capacity  curve  disappears . 

Integration  of  the  capacity  curves  provides  the  corresponding 
curves  for  electrode  charge,  oM,  against  the  potential  which 
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M  -  9 

coincide  ate  --3uC.cm  .  By  integration  of  these  curves  the  electro 
capillary  curves  were  obtained. 

In  the  present  system,  the  electrocapillary  equation  is: 

d’+  =  E+d°M  “  FC10^  duKC104"  ‘AH"  duKAH  (1) 

In  order  to  determine  the  adsorption  of  the  perchlorate 
(CIO 4)  and  ascorbate  anions,  measurements  at  constant  mole  ration 
of  CIO4  were  also  analyzed  using  the  method  described  by 
Lakshmanan  and  Rangarajan2. 


Having  evaluated  the  total  suface  excesses  of  two  anions,  the 
surface  excess  of  K+  was  found  from:  cM=-F(r^_+"_) .  Assuming  that 
all  r+  are  in  the  diffuse  layer,  it  was  possible  to  obtains  the 
total  diffuse  layer  excesses  due  to  anions  as  well  as  their  indi¬ 


vidual  contribuion 


2-s 


PC10  4  and  ‘AH 


2  with  the  help  of  diffuse  layer 


theory.  The  specifically  adsorbed  excess  due  to  the  individual 

11  2  1 
anions  r^Q-  and  r^-  were  then  obtained.  Values  of  T+"s  and 

increase  markedly  as  oM  becomes  more  positive,  the  plots  of 

vs  oM  are  approximatly  linear  and  parallel.  Values  of  r^Q-  are 


negatives  at  concentrations  of  potassium  ascorbate  greater  than 
10" 3M.  Then  it  is  reasonable  to  assume  that  specifically  adsorbed 
perchlorate  is  absent  at  concentrations  of  potassium  ascorbate 
greater  than  10"3M. 


The  surface  pressure  for  anionic  adsorption  at  constant 
charge  was  derived  according  to  Parsons  expression3:  4>=£°-£++I 
where  is  the  value  for  10"2M  KCIO4  solution  in  absence  of 
potassium  ascorbate,  and  I  is  the  contribution  of  the  diffuse 
layer  to  the  surface  pressure: 


■  *  hi  r- 


du 


(2) 


*  - - 

where  1  and  2  stand  the  lowest  concentration  studied  and  any 
other  higher  concentration  respectively. 


The  adsorption  isotherm  was  analized  by  superimposing  the 
surface  pressure  vs  lnat.„- ,  at  constant  charge.  The  composite 
surface  pressure  curve  fits  well  to  the  Frumkin  isotherm  with 
an  interaction  parameter  of  -2.4  and  Ts=2 .  2x10"  ^mol .  cm"2  . 

The  standard  free  energy  of  adsorption,  iG° ,  calculated  by 
the  Parsons  method,  at  oM=0  is  -20.25  KJ.mol"3.  It  was  observed 
that  the  standard  free  energy  displays  a  linear  dependence  on 
the  charge. 

The  rational  potential  drop  across  the  inner  layer,  A cj>  ~  , 
was  calculated  from  the  measured  potential  by  sustracting  the 
potential  for  the  m.e.c.  in  absence  of  specific  adsorption  and 
the  diffuse  layer  potential  drop  given  by  the  Gouy-Chapman 
theory.  The  change  in  at  constant  charge  shews  a  linear  de¬ 

pendence  on  the  specifically  adsorbed  charge  due  to  the  ascorbate 
anions,  these  lines  are  parallel  which  correspond  a  linear 
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dependence  of  AG°  on  oM  in  view  of  the  approximate  relationship: 


(- 

»M-2  \ 

RT 

3 

In  6 

( 5 

o1AH-/oK 

F 

3 

oM 

where  3  is  the  adsorption  coefficient. 

The  term  of  the  left-hand  side  of  (3)  is  equal  to  the  reci¬ 
procal  of  one  component  of  the  inner  layer  0 1 C1  which  can  be 
replaced  by  the  corresponding  integral  capacity  qiK*-. 

The  total  inner  layer  capacity  C^  was  calculated  from: 


The  components  of  the  inner  layer  capacity  were  then  calculated 
from  the  identity: 


where  ..C1  is  the  capacity  measured  at  constant  amount  adsorbed 

v M  i  M- 2 

the  integral  capacity  was  obtained  from  the  change  of  A}> 

with  oM  at  constant  °ah--  From  the  ratio  ^kV  ,K1  was  evaluated 

the  ratio  (Xj-x^)/^  where  x 2  and  Xj  are  ?he  distances  from  OHP 

and  IHP  planes  to  the  metal  respectively. 
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STUDY  AND  COMPARISON  OF  ANOMALIES  OBSERVED_ON 
IMPEDANCE  DIAGRAMS  OF  NICKEL  IN  THE  PRESENCE  OF  F  AND  HSO^ 
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Laboratoire  de  Mecanique  Physique,  U.A.  CNRS  867,  Universite  de  Bordeaux  I 
351  cours  de  la  Liberation,  33405  Talence  cedex  (France) 


We  present  a  comparison  between  the  study  of  nickel  polarization  charac¬ 
teristics  and  the  evolution  of  impedance  diagrams  in  function  of  potential. 
We  analysed  nickel  response  into  two  very  different  acidid  media  :  hydroflu¬ 
oric  and  sulphuric  solutions. 

1  -  Study  of  1(E)  curves 

Polarization  curves  are  shown  from  corrosion  potential  to  oxygen  escape. 
In  N  H2S04  solutions,  1(E)  curve  shows  three  separated  maxima  :  two  in  the 
act i ve  range,  one  in  the  transpassive  range.  In  a  solution  of  0.01N  HF/0.5N 
NaF,  the  1(E)  curve  shows  only  one  maximum,  the  potential  of  which  changes 
with  the  F“  anion  concentration  (figure  1). 

2  -  Impedance  diagrams 

Impedance  diagrams  are  drawn,  after  stabilization  of  current,  from  lO^Hz 
to  10-3hz.  We  observe  three  types  of  diagrams. 

(a)  At  potentials  corresponding  to  positive  slopes  of  1(E)  characteristics, 
impedance  diagrams  present  capacitive  and  inductive  loops  and  turn,  with 
respect  to  decreasing  frequency,  in  the  direction  of  watch  hands  and  close 
to  a  Rp  positive  polarization  resistance  (type  1). 

(b)  At  potentials  corresponding  to  negative  slopes  of  1(E)  characteristics 
impedance  diagrams  turn  in  the  opposite  direction  of  watch  hands,  at  decrea¬ 
sing  frequency,  and  close  to  a  Rp  negative  polarization  resistance  (type  2). 

(c)  In  some  cases,  before  current  maxima  (positive  slopes  of  1(E)),  impedance 
diagrams  present  a  anomaly,  they  turn  in  the  opposite  direction  of  watch 
hands,  but  always  close  to  a  Rp  positive  polarization  resistance  and  in  the¬ 
se  conditions  they  cross  over  the  four  quadrants  of  the  complex  plan  (R,-jG) 
(type  3) . 

3  -  Study  of  nickel  behaviour  in  the  presence  of  F  and  HS0^~  ions 

From  electric  response  point  of  view,  we  can  separate  the  different  cur¬ 
rent  maxima. 

In  the  case  of  sulphuric  solutions,  type  3  impedance  diagrams  (anomaly)  are 
only  observed  in  a  range  of  potential  before  the  third  maximum.  In  the  acti¬ 
ve  range  impedance  diagrams  are  always  like  types!  and  2. 

In  the  case  of  hydrof luorhydri c  solutions,  type  3  impedance  diagrams  are  al¬ 
so  observed  before  the  current  maximum. 
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In  alt  cases  near  the  current  maximum,  we  found  classical  impedance  diagrams 
(types  1  and  2). 

4  -  Cone lusion 

There  is  not  a  straight  correlation  between  the  1(E)  characteristics  and 
the  evolution  of  impedance  diagrams  with  potential  ;  in  effect,  anormal  im¬ 
pedance  diagrams,  type  3,  does  not  always  correspond  to  a  current  maximum 
and  are  not  a  signature  of  an  active-passive  transition. 

Therefore  impedance  diagrams  of  type  3  must  be  connected  with  a  particular 
configuration  of  the  adsorbed  intermediates  at  nickel  interface  which  depend 
simultaneously  on  the  nature  of  anions  and  potential. 
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Fiq.1-  Characteristics  of  nickel  in  :  (1)  sulphuric  acid 

<2)  hydrofluoric  solution 
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STUDY  ON  THE  ADSORPTION 

OF  Zn(II)  IN  PYRI DINE -NaC 10 „  MEDIA 
.  -  4 
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Department  of  Physical  Chemistry.  University  of  La  Laguna. 

La  Laguna.  Tenerife.  (Spain). 


This  report  is  comprised  within  a  more  general  study  on 
the  inducing  effect  of  adsorption  of  metal  cations  in  the 
presence  of  organic  bases,  specially  heterocyclics,  on  mercury 
electrode  and  the  adsorption  patterns  which  are  followed.  We 
present  here  the  adsorptive  behaviour  of  Zn(II)  in  NaClO^  1  M 
varying  the  pyridine  and  Zn(II)  concentrations. 

1,2,3 

The  double  step  chronocoulometric  ’  '  and  the  cyclic 

vcitammetric  techniques  on  the  H.M.D.E.  have  been  used  in 
order  to  determine  the  surface  excesses  of  the  Zn(II)  soecies, 
:.hicn  is  reduced  on  the  mercury  electrode  and  to  ascertain  the 
adsorptive  behaviour  of  this  electrodic  process.  The  concent  ra 
lions  cf  Zn(ll)  were:  0.5,  1.0  and  1.5  mM  and  the  pyridine 
concentrations  .-.ere:  0.02,  0.05,  0.1,  0.2,  0.4  and  0.6  M;  the 
ionic  strength  .vas  maintained  at  1.0  with  NaClO^  and  the  pH 
was  adjusted  to  7.3  to  prevent  the  presence  of  the  oyridinium 


The  increase  of  cathodic  peak  currents  as  the  scan  rate 
m  l.S.V.  increased  clearly  shows  the  adsorptive  character  of 
the  electrode  process.  On  the  other  hand,  the  variation  of 

the  i  /  i  ratio  as  the  scan  rate  increased  shows  a  progre 

pa  pc  _ 

save  decrease  which  is  characteristic  of  a  process  with  an 

adsorption  control  in  addition  to  diffusion  control  of  the 

charge  transfer. 

In  previous  papers  ’  the  formation  of  complex  species 
of  Zn ( 1 1 ) -py r id  ine  has  been  pointed  out.  Likewise,  the  charac¬ 
teristic  adsorptive  behaviour  of  pyridine  og  ^ggelectrode  in 
<C 1  and  other  ionic  media  has  been  studied-  ’  ’  One  of  these 

features  is  the  different  orientation  of  pyridine  molecules 
on  the  surface  of  Hg  electrode  in  both  branches  of  electroca- 
ciilary  curves.  In  the  present  study  the  initial  potential 
values  are  within  the  -0.4  to  -0.7  V  vs.  SSCE  range  and  this 
fact  indicates  that  the  more  favoured  adsorption  is  towards 
more  cathodic  potentials,  together  with  the  existence  of 


positive  charge  of  Zn ( 1 1 ) -py r id ine  species  which  is  adsorbed 
and  reduced  on  Hg  electrode. 


At  potentials  of  anodic  branches  of  e lec t rocapi 1 lary 
curves  the  flat  orientation  of  the  pyridine  molecules  adsorbed 
on  Hg  electrode  is  preventing  the  bridge  ligand  mechanism  from 
being  carried  out.  On  the  contrary,  this  was  surely  more 
favoured  in  the  cathodic  branches.  This  is  the  opposite  beha¬ 
viour  to  that  observgd^n  the  cases  of  the  adosrption  of  Zn(II) 
in  SCN  and  N3  media  An  adsorption  increase  was  observed 

f  rom  nFp  vs.  potential  data  as  the  cathodic  potentials  and 
Zn(II)  concentration  increased  at  pyridine  concentrations 
comprised  between  0.02  and  0.2  M.  At  pyridine  concentrations 
0.4  and  0.6  M,  the  initial  tendency  is  progress! vely  attenuated 
and  even  a  depression  is  present  in  these  curves  nFp  vs . E  at 
higher  Zn(II)  concentrations.  This  is  probably  due  to  the 
maximun  recovering  of  surface  electrode.  Moreover  it  is  not 


characteristic  of  all  pyridine 
concentrations  studied  that  the 
increase  of  Zr.(II)  concentration 
gives  rise  to  an  increase  of  the 
amount  of  adsorption. 

The  scheme: 

Izn  (  1 1 )  (  pyr  )  2*  -«  fen  (  II )  (  pyr  )  2+] 

sol  ads 

is  fundamentally  proposed  at  the 
more  anodic  of  the  potentials 
studied  whereas  at  the  more 
cathodic  potentials  a  ligand 
bridge  mechanism  is  more  favou¬ 
red,  although  it  is  not  yet 
clear  at  all  which  of  the  two 
mechanisms  predominates  at 
these  potentials. 

Figure  1  shows  the  dependence 
of  nFP  vs.  E.  in  the  presence  of 
(  ©  )  ,  0. 5 ;  (X),  1.0;  (  )  .  1 . 5mM 

Zn(II),  0.02M  pyridine.  Figure  2 
shows  the  variation  of  nFP  vs. 
Dyridine  concentration  for:(©), 
-0.5;  ( X  ) ,  -0.6;  (  A  )  ,  -0.7V. 


-£  frrxV) 


Figure  1 
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EVALUATION  OF  OHMIC  POTENTIAL  OROP  AND  DOUBLE  LAYER 
CAPACITANCE  OF  THE  INTERFACE  BETWEEN  TWO  IMMISCIBLE 
ELECTROLYTE  SOLUTIONS  FROM  GALVANOSTATIC  PULSE 
MEASUREMENTS 

ZdenSk  Samec  and  Vladimir  Maredek 

3.  Heyrovsky  Institute  of  Physical  Chemistry  and  Electro¬ 
chemistry,  Czechoslovak  Academy  of  Sciences, 

U  tovaren  254,  102  00  Prague  10  (Czechoslovakia) 


The  progress  was  made  in  the  performance  of  the 
galvanostatic  pulse  technique  which  was  shown  to  yield 
reliable  information  on  the  ohmic  potential  drop  and  ca¬ 
pacitance  of  the  interface  between  two  immiscible  electro¬ 
lyte  solutions1.  Through  the  reduction  of  the  resistance 
inside  the  reference  electrode  connected  to  the  organic 
solvent  phase  and  through  the  introduction  of  the  compu¬ 
ter  control,  the  whole  procedure  was  made  much  faster 
than  before.  Prior  to  the  initialization  of  the  current 
pulse,  the  interface  was  polarized  by  a  small  current, 
the  magnitude  and  the  direction  of  which  was  changed  by 
means  of  the  microcomputer  until  a  pre-programmed  poten¬ 
tial  value  was  reached.  The  measurement  and  the  storage 
of  about  30  galvanostatic  transients  at  different  initi¬ 
al  potentials  over  the  whole  potential  range  available 
took  approximately  20  seconds.  The  comparison  was  made 
with  an  ac  impedance  technique. 

From  the  fast  galvanostatic  pulse  measurements  at 
25°C  the  capacitance  of  the  water/nitrobenzene  interface 
was  evaluated  as  a  function  of  the  interfacial  potential 
dif f erence  Ag ^ f or  system  consisting  of  NaBr,  LiCl  or 
MgS04  in  water  and  tetrabutylammonium  tetraphenylborate , 
tetraphenylarsonium  tetraphenylborate  or  tetraphenylarso- 
nium  dicarbollylccbaltate  in  nitrobenzene  .  The  modified 
Verwey-Niessen  model,  in  which  an  inner  layer  of  solvent 
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molecules  separates  two  space-charge  regions  (  the  dif¬ 
fuse  double  layer),  describes  the  structure  of  the  water/ 
nitrobenzene  interface  well  at  electrolyte  concentrations 
above  ca.  0,02  mol  dm“^,  provided  that  the  ions  are  allo¬ 
wed  to  penetrate  into  the  inner  layer  over  some  distance. 
For  all  the  systems  studied  the  zero-charge  potential 
difference  was  found  at  A o^pzc^  ®  on  t*1e  ^asi-s  the 
standard  potential  difference  +  ■  0.035  V  for 

tetramethylammonium  cation  which  was  used  as  a  reference 
ion.  At  zero  surface  charge  the  comparison  was  made  with 
the  theoretical  capacitance  calculated  using  the  mean 
spherical  approximation  for  a  model  consisting  of  two  ion 
and  dipole  mixtures  facing  each  other.  The  effect  of  ion 
penetration  on  the  interfacial  capacitance  was  estimated 
from  the  solution  of  the  linearized  Poisson-Boltzmann 
equation  for  a  triple  dielectric  model  with  a  continuous 
distribution  of  the  point  ions.  The  concentration-inde¬ 
pendent  inner  layer  potential  difference  and  capacitan¬ 
ce  can  only  be  inferred  from  the  capacitance  data  if  the 
ion  size  effect  is  taken  into  account.  A  non-iterative 
procedure  based  on  the  hypernetted-chain  equation  was 
used  for  the  evaluation  of  the  potential  drop  across  the 
diffuse  double  layer.  The  extent  of  the  penetration  into 
the  inner  layer  appears  to  be  a  function  of  ion  solvation, 
e.g.  the  more  hydrated  ion  the  less  extensive  ion  penetra¬ 
tion  is  likely. 

1  V.Maredek  and  Z.Samec,  0.  Electroanal.  Chem.  185 

(1985)  263-271 

2  Z.Samec,  V.MareCek  and  D.Homolka,  8.  Electroanal. 

Chem. ,  in  press 
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TEMPERATURE  EFFECT  AT  COLD  SINGLE  CRYSTALS/AQUEOUS  SOLUTION  INTERFACES 

A.HAMELIN  and  L. STOICOVICIU,  LEI,  CNRS  Meudon,  92195  (France) 

F. A. SILVA  and  M. J . SOTTOMAYOR,  University  of  Porto  (Portugal) 


It  was  clearly  shown  for  several  high  melting  sp  metals  that  there  is 
an  influence  of  thejatomic  arrangement  of  the  electrode  surface  on  the  dou¬ 
ble  layer  proper  ties  .  Up  to  now  only  two  communications  deal  with  the  in¬ 
fluence  of  the  temperature  on  the  structure  and  composition  of  the  dl  at 
solid  sp  metal  faces^’  . 

For  mercury  the  variations  of  the  capacity  minimum  and  its  potential 
with  temperature  are  linear  :  a  few  tenths  of  a  millivolt  per  degree  for 
the  PZC. 

For  solid  faces  the  published  values  of  the  PZC  are  not  given  more 
precisely  than  ♦  10  mV.  Precise  observations  are  more  difficult  on  solid 
faces  because  they  cannot  be  renewed,  therefore  the  interface  has  to  remain 
clean  for  several  hours  for  observation  of  the  influence  of  the  temperatu¬ 
re. 


Several  faces  of  gold  were  studied  in  perchloric  acid  solutions.  The 
changes  of  the  temperature  at  the  interface  were  followed  recording  -for  a 
given  temperature-  a  cyclic  voltammogram  including  the  formation  of  a  mono- 
layer  of  oxidized  compounds  and  their  reduction. 

Differential  capacity-potential  curves  (C (E) )  were  recorded  for  dif¬ 
ferent  concentrations  at  different  temperatures  ranging  from  1  to  60°C.  For 
dilute  solutions,  with  temperature,  the  PZC  varies  linearly  and  positively 
and  the  capacity  at  the  minimum  varies  linearly  and  negatively  (figure  1). 

C(E)  were  integrated  caking  the  PZC  at  the  capacity  minimum.  Obvious¬ 
ly  there  are  two  charge  domains  on  the  C(o)  curves  (o  :  charge  density) 
where  the  temperature  coefficients  have  different  signs  (figure  2). 

For  concentrated  solutions  there  are  also  two  chwfge  domains  on  the 
C(c)  curves  where  the  temperature  coefficients  have  different  signs  ;  a 
temperature  invariant  capacity  is  also  observed  but  less  precisely. 

#  4 

Residual  excess  entropies  S  (see  )  are  obtained  as  a  function  of  the 
charge  density  at  the  gold  faces. 


The  degree  of  solvent  orientation  at  the  interfaces  is  discussed. 
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Fig.1  :  For  Au(210)  in  10  mM 
HCIO^,  variations  of  Em-a  (•) 
and  .  (x)  as  a  function 

of  temperature* • 
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Fig. 2  :  C(®>  curves  for 
Au(2 10)  in  10  mM  HCIO^- 
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ADSORPTION  OF  Tlil)  ON  MERCURY  IN  AZIDE  MEDIA 

S. GONZALEZ,  P.CARRO  and  A. AREVALO 
Department  of  Physical  Chemistry.  University  of  La  Laguna, 
Tenerife  (Spain ) . 


In  a  previous  work''  we  pointed  out  that  the  adsorptive 
behaviour  of  T1(I)  on  the  Hg  electrode  in  NaSC^  media  did  not 
follow  the  model  proposed  by  Anson  and  Barclay  ,  i.e.,  SCN 
anions  adsorbed  are  not  involved  in  the  adsorption  mechanism, 
nor  does  the  model  of  anion  induced  adsorption  adequately 
explain  the  adsorption  of  T1(I)  halides  .  In  order  to  deter¬ 
mine  if  this  is  a  specific  behaviour  of  T1(I),  we  have  carried 
out  a  new  study  of  its  adsorption  in  azide  media.  The  N^  anion 
is  adsorbed  specifically  on  the  rjercury  electrode  and  gives 
rise  to  one  weak  complex  species  with  the  T1(I)  cation. 

Nevertheless,  this  anion  N_  induces  the  adsorption  of  Cd(II)_ 

3  5 

and  Zn(II)  cations  on  the  Hg  electrode  by  a  bridge  mechanism  . 

These  features  appear  to  point  to  the  T 1 ( I )  cation  as  the 

agent  responsible  for  this  adsorptive  pattern. 

The  T 1 ( I )  surface  excess  in  azide  media  on  the  H.M.D.E. 

has  been  determined  using  th|  d£)ub^e-potential  step 

chronocoulometric  technique  ’  ’  .  The  concentration 

of  T 1 ( I )  were:  0.5,  1.0  and  1.5mM.  The  concentration  in  NaN^ 

were:  0.4,  0.6,  0.8  and  1.0M.  The  ionic  strength  of  all 

solutions  was  maintained  at  1.0  with  NaC10„.  we  observe  the 

4 

adsorption  increases  with  increasing  cathodical  potential  and 

increasing  azide  concentrations.  Moreover,  an  increase  in  the 

adsorption  amount  was  observed  as  the  Tl(I)  concentration 

increased.  As  some  authors  suggest,  the  charge  on  the  metal, 

q  ,  is  an  indepent  variable  prefereable  to  the  potential  in 
m 

adsorption  studies,  so  we  have  use  it.  Thus  at  constant  charge 

the  electrode-particle  interactions  should  be  approximately 

constant.  Figure  1  shows  the  T 1 ( I )  adsorption  amount  vs.  the 

electrode  charge,  q  ,  at  a  concentration  of  T1(I)  =  1.0  mM 

m 

and  various  corresponding  NaN^  concentrations.  The  adsorption 
decreases  as  the  anodic_potent ^gl  shifts,  unlike  the  adsorp¬ 
tive  behaviour  of  the  N^  anion  .  These  facts  appear  to 
indicate  that  the  T1(I)-n  complex  species  is  occupying  the 
vacant  sites  left  by  the  anions  in  their  desorption  process, 
as  the  cathodic  potential  increases.  That  is,  the  anion 
adsorbed  is  not  involved  in  the  adsorption  process.  The 
adsorption  mechanism  proposed  by  us  follows  the  next  scheme: 


[t  l  ( i )  -N~  j 


SO  1 


[t1(I)-N~ 


ads 
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2 

differing  from  the  mechanism  reported  by  Anson  et  al.  ,  which 
is  characterized  by  a  direct  involvement  of  the  adsorbed  • 

The  adsorption  mechanism  which  takes  into  account  the 
proven  facts  of  direct  binding  of  the  THD-N^  species  to  the 
surface  electrode  is  also  shown  in  figure  2,  where  the  surface 
excess  of  T 1 ( I )  is  plotted  against  the  azide  surface  excess. 
The  FT  -  values  were  obtained  from  data  reported  by  Parsons 
we  obse?bed  a  T1(I)  adsorption  decrease  as  the  adsorption 
increased,  and  we  think  that  there  must  be  a  competition 
between  the  T1(I)-N3  and  the  N3  adsorption  processes.  Neither 
of  the  cases  obserbed  shows  a  saturation  state  of  the  surface 
electrode,  perhaps  due  to  the  small  solubility  range  of  T 1 ( I ) 
in  azide  media. 


a  variation,  Aq  ,  has  been  calculated  in  order 
the  changes  in  the  electrode  charge  caused  by 


to 

the 


The 

determine 

adsorbed  species. &q  is  given  by  the  difference  of  the 
electrode  charge  in  The  presence  and  absence  of  T 1 ( I ) , 
respectively.  The  A  q  values  obtained  are  very  small, 
indicating  that  the  tT  (  I  )  adsorption  scarcely  changes  the 
charge  on  the  electrode.  This  is  the  expected  behaviour  since 
the  only  complex  species  existing  in  the  solution  is  TIN  , 
whose  adsorption  does  not  modify  the  electrode  charge  and 
does  not  eject  the  anions  already  adsorbed,  the  complex 
species  occupying  the  sites  left  vacant  by  the  azide  anions 
in  their  desorption  process. 


Figure  1 


Figure  2 
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OBSERVING  THE  COMPONENTS  OF  THE  IDEALLY  POLARIZABLE  DOUBLE  LAYER 
USING  INFRARED  SPECTROSCOPY 


*  * 
GALEN  J.  HANSEN  and  WILFORD  N.  HANSEN 

Department  of  Physics 
Utah  State  University 
Logan,  Utah  84322 

James  F.  Andrew 
Los  Alamos  National  Laboratory 
Los  Alamos,  New  Mexico  87545 


The  work  of  Hansen,  Kolb,  and  co-workers  has  shown  that  over  an 
extended  potential  ranee,  the  working  electrode  can  be  emersed  hvdro- 
phobicallv  (i.e.  visuallv,  the  electrode  is  completelv  dry  and  the 
contact  angle  is  non-zero),  with  the  tenuous  double  layer  intact^-**. 

This  is  possible  because  of  the  required  charge  neutrality  within  the 
double  layer,  i.e.  one  type  of  charge  on  the  electrode  and  the  opposite 
charge  on  the  ionic  side,  and  also  because  of  the  huge  fields  between 
the  oonosite  charges  of  the  double  laver  (on  the  order  of  107  V/cm). 
Emersed,  the  components  of  the  tenuous  double  laver  can  now  be  observed 
using  Infrared  spectroscopy  without  interference  from  the  bulk  solution. 
The  spectra  are  clear,  and  the  information  concerns  onlv  the  electro¬ 
chemical  interphase. 


Ev  continuous  rotation,  the  electrode  can  be  emersed  continuously 
and  the  double  layer  observed  within  seconds  after  emersion**’”.  Any 
part  of  the  emersed  double  layer  is  electrostatically  isolated  from  the 
solution  and  from  the  rest  of  the  double  laver  on  the  emersed  oart  of 
the  electrode.  As  the  electrode  is  rotating,  the  electrode  potential 
can  be  cycled.  In  such  a  case,  the  potential  drop  across  the  emersed 
double  laver  will  vary  continuously  from  one  side  of  the  electrode  to 
the  other,  each  oart  corresponding  to  Che  electrode  potential  as  that 
part  of  the  electrode  was  emersing^. 


In  this  study,  infrared  spectra  of  gold  electrode  surfaces  were 
taken  at  various  electrode  potentials  as  Che  electrode  rotated  and 
emersed.  The  spectra  at  the  various  potentials  were  ratioed  to  reveal 
changes  in  the  emersed  double  laver  due  to  potential  changes.  Ions 
such  as  perchlorate  and  fluoride  were  used  to  avoid  specific  adsorption, 
allowing  the  double  layer  to  be  ideally  polarizable.  The  vibrational 
spectra  of  ions  and  water  within  the  lnterphase  were  observed  as  a  func¬ 
tion  of  potential,  ion  concentration,  length  of  time  iji  situ  and  eat  situ , 
as  well  as  other  conditions.  Figure  1  is  an  examnle  of  infrared  spectra 
of  a  gold-coated  electrode  emersed  from  0.10  M  perchloric  acid.  The 
broad  downward  peak  at  approximately  1110  cm"'  is  due  to  the  perchlorate 


*  presently  working  at  Los  Alamos  National  Laboratory,  Los  Alamos,  NM  87545 
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ion  within  the  etnersed  double  layer.  The  upward  peak  at  1710  cm”  is 
probably  the  hydronium  ion  of  the  acid  solution.  The  downward  peak 
at  1380  cm-1  could  be  due  to  adsorbed  water.  The  sharp  gaseous  water 
bands  are  present  because  of  small  changes  in  the  amount  of  water  vapor 
within  the  cell  and  spectrometer.  Note  the  100X  expansion  of  l/lQX. 
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Figure  1.  Series  of  infrared  spectra  taken  as  gold-coated  electrode 

continuously  emersed  at  various  electrode  potentials.  Spectra 
are  racioed  to  spectrum  at  -0.30  V  vs  SCE.  Approximately 
1000  A  Au  evaporated  on  plate  glass.  Electrolyte  was  0.10  M 
HCIO^.  Electrode  was  rotated  at  30  sec/rev. 
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INTERFACE  CONSTRUCTION  TO  INFORMATIZATION 
OF  ELECTROCHEMICAL  PROCESSES 

L.  Viccori,  W.  Bek,  L.  Nune2,  R.  Fortuny 

Analytical  Department.  Instituto  Quimico  de  Sarria.  BARCELONA 
Introduction 

In  the  Chemical  Analysis  area,  the  possibilities  of  the  micro¬ 
computer  applications  in  investigation  have  become  very  interesting. 

The  objective  of  the  present  work  is  the  construction  of  an  in¬ 
terface  in  order  to  implement  a  microcomputer  into  the  electrochemi¬ 
cal  processes  which  are  the  object  of  study. 

The  apparatus  permits  the  intensity  or  voltage  data  acquisition 
and  the  potential  function  generation  to  be  applied  in  general  elec¬ 
trochemical  experiences. 

Experimental 

The  interface  has  been  designed  for  an  informatic  system  esta¬ 
blished  by  an  8-bit  microcomputer  (Z-80  microprocessor)  with  an  ex¬ 
ternal  memory  (cassette  or  diskette),  a  monitor  and  a  register  (X/t 
or  X/Y  Plotter). 

The  microcomputer  used  in  this  work  is  a  VIDEO  GENIE  SYSTEM  EG 
3003,  which  operates  in  conjunction  with  a  conventional  electroche- 
micalsystem. 

This  system  can  be  applied  to  processes  with  potential  or  inten 
sity  control. 

Results  and  Discussion 

A  system  for  the  application  of  any  voltage  function  to  an  ele£ 
trochemical  cell  has  been  developed.  The  potential  function  values 
must  be  between  -10  and  +10  volts.  The  experiences  have  to  longer 
than  a  minimal  duration.  In  the  case  of  the  cyclic  voltammetry,  with 
a  periodic  triangular  voltage  function,  the  minimal  duration  is  24,8 
seconds  per  cycle. 

The  interface  also  permits  the  voltage  or  intensity  data  acqui¬ 
sition  with  a  maximal  sampling  frequency  of  8700  data  per  second. The 
acquired  values  must  be  in  the  range  of  -4  to  +4  volts  for  the  volta 
ge  or  £10  A  to  +300  mA  for  the  intensity. 

The  voltammogram  showed  in  Figure  I  has  been  obtained  with  a 
0.1  M  Fe ( II ) /  0.1  M  Fe(III)  system  in  4  M  H2SO4  solution  with  a  Pla¬ 
tinum  electrode.  The  voltage  function  applied  is  a  periodic  triangle 
between  -0.580  and  0,800  volt  (Hg/Hg,S0,  Reference  electrode),  with 
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a  scanning  race  of  100  mV/s.  The  same  voltammetry  is  showed  in  Figu¬ 
re  II,  but  the  function  voltage  was  generated  by  the  microcomputer. 
The  comparison  of  both  does  not  show  any  important  differences.  Fi¬ 
gure  III. is  the  offline  graphic  representation  of  the  acquired  poten 
tial  daca  of  the  voltammecry  showed  in  Figure  II.  A  little  noise  si£ 
nal  can  be  observed  overlapping  on  the  cell  signal,  in  comparison 
with  Figures  I  and  II,  This  background  might  be  produced,  in  part, 
by  noise  captations  from  AC  Power  Supply  in  great  impedance  points 
of  the  system.  This  kind  of  avoided  signals  decreases  notably  in  in¬ 
tensity  wich  an  adequate  blindage.  The  other  cause  of  the  signal  per 
turbations  is  the  discretization  of  a  continuous  signal  in  order  to 
be  digitalized;  under  Che  working  conditions,  it  is  not  possible  to 
reduce  it. 
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ADSORPTION  OF  a  ,  8 -UNSATURATED  ALDEHYDES 

AT  THE  MERCURY-WATER  INTERFACE 

D.  GONZALEZ-ARJONA  and  M.  RUEDA 
Department  of  Applied  Physical-Chemistry,  Faculty  of 
Farmacy,  c/Tramontana  s/n,  Sevilla  41012  (Spain) 


INTRODUCTION 

a,  3-unsaturated  aldehydes  have  been  shown  to  present 
different  reduction  behaviour  on  a  mercury  electrode  depending  on 
the  type  of  substituent  on  the  ethilenic  bond1_3.  An  aryl  substituent 
seems  to  facilitate  the  reduction  of  the  ethilenic  bond  whereas  an 
alkyl  group  that  of  the  carbonyl.  As  it  is  known  that  aromatic  and 
aliphatic  compouds  behave  also  differently  at  the  Hg/electrolyte 
solution  interface^,  it  appears  possible  that  the  disposition  of  the 
molecule  on  the  electrode  could  determine  the  reduction  process. 

Bearing  this  in  mind,  a  study  has  been  made  of  the  adsorp¬ 
tion  behaviour  of  a,  B-unsaturated  aldehydes,  cinnamaldehyde  (CA) 
and  crotonaldehyde  (CRA),  at  mercury/water  interface. 

Differential  capacity,  zero  charge  potential  and  maximun 
surface  tension  measurements  were  carried  out  for  1M  KC1  solutions 
with  different  organic  compound  concentrations. 

RESULTS  AND  DISCUSSION 

Phenomenologically  the  two  aldehydes  present  quite  dif¬ 
ferent  behaviour  at  the  interface.  Differential  capacity  curves  for 
CRA  show  an  anodic  adsorption-desorption  peak  whereas  CA  is  adsorbed 
even  at  -lOOmV.  The  0-E  curves  have  a  commun  intersection  point  at 
°max=  “-1  uC  cm_2  and  Emax  =  -520mV,  for  CA  adsorption.  On  the 
contrary,  for  CRA  only  the  curves  for  lower  concentrations  (CQrg 
£ 0 . 1 M )  intersect  at  a-  -  3  yC  cm'*  and  E=  -608mV.  Potentials  Of 
zero  charge  shift  positively  when  adsorbate  concentration  increases. 
The  shift  is  small  for  CA  and  quite  pronounced  for  CRA. 

Congruence  with  respect  to  either  charge  and  potential 
was  detected  for  CA  adsorption  but  this  was  not  the  case  for  CRA 
adsorption.  The  parameters  of  a  Frumkin  isotherm  were  obtained  by 
the  analysis  of  the  In 6/Corg (1  —  0)  vs.  9  andfcvs.  r  plots,  at  each 
potential.  The  experimental  precission  allows  us  to  deduced  only 
two  parameters  of  the  a  ,  %  and  n  set.  Potential-independent  a  =  2.4 
and  r3  =  3.5  10-11-1  mol  cm~2  values  were  found  for  CA  adsorption.  On 
the  contrary,  in  the  case  of  CRA,  a  is  better  described  by  a  quad¬ 
ratic  function  of  potential  and  Ts  adopts  values  close  to  8.  10-10 
mol  cm'  . 

It  seems  that  cinnamaldehyde  is  orientated  flat  on  the 
electrode  and  crotonaldehyde  takes  on  a  vertical  orientation -However 
a  carefully  exam  of  A  ^  vs .  f  plots  suggests  the  idea  of  a  changing 
molecular  orientation  of  CRA  depending  on  charge  and  coverage. 


200  400  600  -E(mV)  km.  SCF  200  400  600  800  -E (mV) 

The  contribution  of  dipole  moment  calculated  according 
to  Parsons'  formulation'  of  Esin-Markov  effect  gives  an  autocon- 
sistent  picture  of  interactions  with  the  electric  field.  In  both 
cases  the  molecular  dipole  moment  would  orientate  in  order  to  attain 
a  better  interaction  with  the  electric  field.  However,  whereas  small 
oscilations  of  the  molecular  plane  could  explain  the  change  in  nor¬ 
mal  dipole  component  with  charge  for  CA,  in  the  case  of  CRA  that 
would  be  accompanied  by  appreciable  changes  in  orientation  and 
intermolecular  interactions,  which  could  justify  non-congruence. 
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The  interpretation  of  non-congruence  as  a  results  of 
differences  in  polarizability  of  adsorbate  and  solvent6  does  not 
account  for  the  experimental  CRA  results. 

The  flat  orientation,  independent  of  potential  and  the 
higher  value  of  J  a  Ga(^  |  (34.4  kj  mol-1  for  CA,  14.  kjmol-1  for 
CRA)  found  in  adsorption  of  CA  indicate  stronger  interactions  at 
the  interface,  probably  n-electron  interactions  with  the  metal. 
However,  they  cannot  be  described  unambigously  by  the  partial 
charge  transfer  between  the  electrode  and  the  adsorbate. 
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FLUORIDE  AND  BROMIDE  COADSORPTION  AT  THE  Hg  ELECTRODE 

H.D.  HURWITZ,  A.  JENARD  and  B.  BICAMUMPAKA 
PacultS  des  Sciences,  C.P.  160,  University  Libre  de  Bruxelles, 
50,  av.  F.D.  Roosevelt,  1050  Brussels,  Belgium. 


The  dependence  of  the  electrocapillary  behaviour  with  respect  to  speci¬ 
fically  adsorbed  ions  at  the  Hg  ideally  polarized  electrode  has  been  esta¬ 
blished  in  the  case  of  almost  all  inorganic  anions.  Many  results  {iave  been 
obtained  from  differencial  capacity  measurements  in  solutions  of  mixed  elec¬ 
trolytes  MX-MF  kept  at  constant  ionic  strength.  However,  in  spite  of  the 
numerous  studies  made  so  far  with  this  method,  several  problems  related  to 
the  coadsorption  in  the  Nemst  layer  of  the  counter-ion  M+  or  the  reference 
co- ion  F”  remain  still  unsettled.  A  detailed  analysis  of  the  problem  of  the 
cationic  concomitant  adsorption  with  halide  ions  has  been  made  by  Damaskin 
et  al.1  and  U.  Palm  et  al.  .  It  has  thus  already  been  emphasized  that  the 
adsorption  of  Br~  ions  at  the  Hg/N.M.F.  interface  may  involve  coadsorption 
with  K+  ions  in  the  inner  layer.  On  the  other  hand,  the  very  weak  specific 
adsorption  of  the  F~  ion  at  the  Hg/HjO  interface  severely  restricts  the  ap¬ 
plicability  of  most  electrocapillary  methods  in  view  of  the  determination  of 
the  amount  of  F“  specifically  adsorbed.  Yet  the  problem  has  been  tackled 
by  several  authors^-S,  and  p.  Schiffrin^  has  derived  some  values  of  the  sur¬ 
face  excess  of  1*^  p_  in  the  inner  layer  at  15°C. 

Specific  coadsorption  of  F-  ions  from  mixed  electrolyte  solutions  MX-MF 
might  have  some  important  consequences  especially  in  the  case  of  x“  ions 
which  are  weakly  adsorbed. 

We  endeavour,  in  this  study,  to  investigate  such  effects  of  coadsorption 
of  both  the  counter-  and  co-ion  at  the  Hg  electrode  with  Br-  ions  in  presenae 
of  mixed  NaF  and  NaBr  aqueous  electrolyte  systems  at  25°C.  In  the  present 
approach  we  have  adopted  the  method  proposed  by  Damaskin *  for  the  determina¬ 
tion  of  the  inner  layer  surface  excess  of  Na+,  Na+  and  the  quasi-thermody- 
namical  treatment  suggested  by  Lakshmanan  and  Rangarajan7  for  the  evaluation 
of  the  inner  layer  surface  excess  of  F~,  IV  F~.  The  latter  method,  published 
in  1970,  has  scarcely  been  employed  for  the  analysis  of  anionic  coadsorption 
on  Hg8~10. 

Although  the  NaF-NaBr  aqueous  system  has  already  been  investigated  seve¬ 
ral  times,  a  careful  reconsideration  of  this  system  seems  opportune  in  view 
of  the  coadsorption  effects  mentioned  above. 

For  this  system,  the  virial  adsorption  isotherm  corrected  for  the  O.H.P. 
potential  <p2 

r.  F0 

F.  =  In  (  -  B-  )  -  — -  =  In  8  -  2  B  F  r.  D  .  (1) 

1  nm  1  Br 

ra„  _  q  FT 

Br  n 

is  plotted  in  Fig.  1.  This  plot  indicates  that  the  slope  B  changes  from  po¬ 
sitive  (lateral  attraction)  to  negative  (lateral  repulsion)  values  in  the  re¬ 
gion  of  double  layer  recharging,  hence  about  the  values  of  the  electrode 
charge  densities  q  ~  -fT^  Br- •  A  similar  distinctive  behaviour  is  observed 
in  the  Christie  plot  giving  the  potential  drop  across  the  inner  layer 

at  constant  q  as  a  function  of  IV  B  _  (Fig.  2) .  The  results  recorded  in 
Fig.  1  and  2  have  been  obtained  with  solutions  at  constant  J  =  mgr-  +  m^.-  = 
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0.1  mole.kg-*.  ihe  treatment  suggested  by  Damaskin  consists  in  determining 
virtual  adsorption  energies  In  6vj.rt  virtual  virial  coefficients 
from  the  relationship  : 


A  Br" 

Fvirt  “  ln  ‘I - > 

mNaBr  q 


ln  evirt  "  2  Bvirt  F  Fi  Br' 


(2) 


extrapolated  to  Br-  *  O.  The  Gouy-Chaproan  theory  gives  at  Br- 


ln  6  «  In  Svirt  -  2  sinh 


-1 


2A/J 


(3) 


B  »  B  -  (q2  +  4  A2J)‘1/2  (4) 

virt 

This  theoretical  determination  of  ln  6  and  B  is  used  to  compute  Fj  which  al¬ 
lows  the  calculation  of  $2  and  consequently  of  Ti  Br-  according  to  the  re¬ 
lations  :  __ 


—  (F  .  .  -  F.) 
F  virt  1 


(5) 


and 


F  r 


i 


Na+ 


F4»2 

Fr .  D  _  *  2A/J  sinh  -  -  q 

l  Bit  «  _ 

2RT 


(6) 


The  specific  adsorption  isotherms  of  Na+  coadsorbed  with  Br-  as  a  function 
of  0r-  are  recorded  in  Fig.  3.  The  determination  of  p-  is  based  on 
the  usual  cross  differentiation  of  terms  in  the  Gibbs  equation,  respective¬ 
ly  under  condition  of  constant  J  and  of  constant  ratio  a  =  mBr_/mp_  .  These 
treatments  lead  to  the  following  expressions  : 


F 

KT 


?E+ 


3 In  m„  qj 
qQ  Br- 


)  dq  =  Fr  _  -  a  F  r.  - 
n  i  Br  i  F 


1  F 

2  RT 


3E+ 


(- 


3 ln  J  qa 


)  dq  =  Ff^  +  A/J  yQ 


where  T.  ■  T.  _  _  +  T.  _  and 
i  i  Br  i  F^ 


+  ✓y 1 )  -  (ly  !  +  /y2  +  1 


yd  a  (ly| 


-i 


(7) 


(8) 


(9) 


with  the  exponent  of  the  first  term  equal  to  +1  and  -1  respectively  for 
y  =  (q-Ffi)/2A/j  >  O  and  y<0.  The  subscript  o  corresponds  to  the  initial 
integration  boundary  at  -1.5V  vs  S.C.E..  Both  partial  derivatives  in  eq. 

(7)  and  (8)  are  made  at  values  of  a,  mBr-  and  J  related  by  the  condition 
J  =  mBr-  (1  +  1/0  =  0.1  mole. kg 

The  adsorption  isotherms  of  F“  coadsorbed  with  Br"  are  sketched  out  in  Fig. 

4.  From  this  figure,  it  appears  that  the  Br~  specific  adsorption  seems  to 

impede  the  F~  specific  adsorption  to  such  am  extent  that  the  latter  remains 

restricted  to  small  values  of  m_  -  and  to  FT.  _ _ <  q. 

or  i  or 
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However,  the  amount  of  F"  In  the  inner  layer  may  reach  relatively  important 
values  and  therefore  affect  the  shape  of  both  the  virial  adsorption  isotherm 
and  the  Christie  plot,  as  they  are  recorded  in  Fig.  1  and  2.  2 

This  is  illustrated  in  Fig.  5  which  shows  the  potential  drop  $  as  a  func¬ 
tion  of  (continuous  line)  after  correction  for  F~  coadsorption.  These 
plots  demonstrate  furthermore  the  influence  of  the  Na+  coadsorption.  The 
dashed  lines  have  been  drawn  across  the  experimental  points  after  recalcu¬ 
lation  by  taking  into  account  both  the  Na+  and  F~  specific  adsorption. 

Closer  examination  of  these  experimental  results  raises  some  questions 
about  the  validity  of  the  double  layer  model. 
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ADSORPTION  ON  DIFFERENT  FACES  OF  Ag  SINGLE  CRYSTAL  ELECTRODES 


M.  BACCHETTA  and  S.  TRASATTI 
Department  of  Physical  Chemistry  and  Electrochemistry 
University  of  Milan  (Italy) 

A.  HAMELIN  and  L.  DOUBOVA* 

Laboratoire  d'Electrochimie  Interfaciale 
CNRS,  Meudon  (France) 


Detailed  measurements  of  the  capacitance  of  Ag  single  crystal  faces  has  been 
carried  out  by  Hamelir.  j'.  Valette1,  by  Valette2  and  by  Vitanov  et  al.3.  The 
surface  is  activated  by  a  cyanide-based  electropolishing  procedure  in  the 
first  two  cases  and  1 y  in-situ  electrolytic  growth  in  a  Teflon  capillary  in 
the  last  case.  It  has  recently  been  shown  that  cyanide-based  polishing  can 
also  give  well  structured  surfaces  as  it  appears  from  the  LEED  analysis". 

In  this  work  we  have  investigated  the  interfacial  behavour  of  the  (110) 
face  of  silver  by  making  use  of  an  alternative  chemical  polishing  procedure 
based  on  chromates.  The  differential  capacity  was  measured  by  a  E-310  Brucker 
polarograph  equipped  with  a  lock-in  amplifier.  The  method  involved  measuring 
the  in-phase  and  out-of-phase  ac  component.  Fig.  1  shows  the  capacity  curve 
of  the  (110)  face  in  0.04  mol  dm-3  NaF  solution.  The  previous  data  of  Valette 
and  Hamelin,  and  Valette  are  also  reported  for  comparison. 

The  potential  of  zero  charge  of  the  (110)  face  has  been  found  to  shift  with 
the  F~  concentration  slightly.  Fig.  2  shows  that  the  present  data  are  in  ex¬ 
cellent  agreement  with  those  obtained  by  Valette.  Thus,  there  exists  a  defi¬ 
nite  evidence  for  F~  specific  adsorption.  Quantitative  study  of  this  aspect 
has  been  performed  by  Valette  for  the  (100)  face*  but  not  for  the  (110)  face. 
Therefore,  the  specific  adsorption  of  F~  on  the  (110)  face  was  investigated 
by  using  the  mixed  electrolyte  method.  The  capacity  has  been  measured  for  8 
solutions  of  variable  composition  according  to  the  formula  x  NaF  +  (0.04  -  x) 
KPF6  with  x= 0.001,  0.002,  0.005,  0,01,  0.02,  0.03,  0.04  mol  dm-3.  Fig.  3 
shows  that  the  anodic  peak  increases  with  NaF  concentration  testifying  to 
the  specific  adsorption  of  F".  The  shift  of  the  capacity  minimum  is  thus 
partly  due  to  the  behaviour  of  the  anodic  peak.  A  better  determination  of 
the  potential  of  zero  charge  was  carried  out  by  hack  integration  of  the  ca¬ 
pacity  curves  from  the  negative  branch.  Thus,  Ea»  has  been  found  to  shift 
of  only  a  few  mV  as  the  NaF  concentration  varies  from  0  to  0.04  mol  dm-3. 
Therefore,  the  adsorption  is  vanishingly  small  at  the  potential  of  zero  char¬ 
ge  and  can  be  neglected. 

The  adsorption  of  F~  has  been  found  to  be  well  described  by  a  virial  iso¬ 
therm  as  well  as  by  a  square  root  isotherm6.  In  any  case,  the  free  energy  of 
adsorption  varies  linearly  with  the  electric  field  and  becomes  probably 
slightly  positive  at  Ea_0'  Fig.  4  shows  the  dependence  of  specific  adsorption 
of  F-  on  charge  and  concentration.  Adsorption  is  remarkably  higher  than  on  Hg, 


*  L.  D.  is  grateful  to  the  Department  of  Physical  Chemistry  and  Electrochem¬ 
istry  of  the  University  of  Milan  for  supporting  her  staying  in  Meudon. 
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in  agreement  vith  what  has  been  found7  for  Cl-  and  organic  substance  adsorp¬ 
tion®  . 

Preliminary  experiments  have  shovn  that  the  temperature  coefficient  of  the 
potential  of  zero  charge  of  the  (110)  face  is  very  small  or  even  negative. 

The  shape  of  the  capacity  curve  appears  not  to  be  appreciably  affected  by 
the  temperature.  These  observations  are  very  useful  for  the  understanding 
cf  the  origin  of  the  high  inner  layer  capacity  of  silver  single  crystal  fa- 
ces *  ’  . 

Capacity  measurements  have  also  been  carried  out  vith  the  (311)  and  the 
(331)  faces  never  investigated  before.  The  value  of  the  potential  at  the  ca¬ 
pacity  minimum  in  dilute  NaF  solutions  is  about  -0.68  to  -0,69  V(SHE)  in  the 
former  case  and  -0.67±0.01  V  in  the  latter  case.  These  values  fall  in  the  ex¬ 
pected  range  according  to  the  stereographi'c  triangle  of  FCC  metals'11.  F-  ions 
adsorb  specifically  also  on  these  faces.  Quantitative  determinations  are  in 
progress  for  the  (311)  face. 
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ADSORPTION  OF  ETHERS  OF  ETHYLENE  GLYCOL  AT  THE  AIR/SOLUTION 
AND  THE  Kg/SOLUTION  INTERFACE 


A.  DAGHETTI  and  S.  TRASATTI 
Department  of  Physical  Chemistry  and  Electrochemistry 
University  of  Milan  (Italy) 

I.  ZAGORSKA  and  Z.  K0CZ0R0WSKI 
Department  of  Chemistry,  University  of  Warsaw  (Poland) 


Previous  studies 1,2  have  shown  that  the  comparison  of  the  adsorption  be¬ 
haviour  of  an  organic  substance  at  the  air/solution  and  the  Hg/solution  in¬ 
terface  is  a  powerful  tool  to  elucidate  the  structural  details  of  the  ad¬ 
sorption  layer.  In  particular,  the  free  energy  of  adsorption  at  the  elec¬ 
trode  surface  is  very  sensitive  to  dipole-metal  interactions  which  are  strong 
ly  dependent  on  the  position  of  the  adsorbate  at  the  interface. 

Ethylene  glycol  (EG)  is  a  non-aqueous  solvent  which  has  been  widely  used 
for  interfacial  studies3-*.  Its  adsorption  from  aqueous  solution  onto  the 
Hg  electrode  has  been  investigated7  and  the  parameters  of  adsorption  have 
been  used  to  derive  information  on  the  state  of  water  at  the  electrode  inte£ 
face.  It  is  however  still  unclear  whether  this  substance  is  really  suitable 
to  such  purpose.  Since  the  permittivity  of  the  inner  layer  is  not  greatly 
modified  by  the  adsorption  of  EG,  the  conclusions  which  can  be  derived  from 
the  application  of  models  are  not  unambiguous.  In  this  context,  it  has  been 
decided  to  investigate  the  adsorption  behaviour  of  homologous  series  of  de¬ 
rivatives  of  EG.  In  particular,  in  this  paper  we  report  on  the  adsorption 
behaviour  of  monoethers  of  EG  with  the  general  formula  R-O-CHz-CHjOH  where 
R  is  a  linear  aliphatic  substituent. 

The  following  ethers  were  investigated:  monomethyl  (MEG),  monoethyl  (EEC) 
and  mor.otutyl  (BEG).  The  monopropyl  ether  is  not  available  commercially.  The 
interfacial  tension  at  the  Hg/solution  boundary  was  measured  by  means  of  a 
capillary  electrometer.  The  surface  tension  at  the  air/solution  interface 
was  measured  by  means  of  the  method  of  the  maximum  pressure  in  a  bubble.  The 
adsorption  potential  shift  was  determined  by  the  dynamic  condenser  method*. 

In  this  work,  the  adsorption  at  the  air/solution  interface  is  compared 
with  the  behaviour  at  the  uncharged  surface  of  Hg  (potential  of  zero  charge). 
Fig.  1  shows  the  decrease  in  interfacial  and  surface  tension  upon  adsorption 
of  the  monoethers.  It  can  be  seen  that  the  differences  between  the  two  inter 
faces  become  more  significant  with  increasing  chain  length  of  the  substituent. 
In  particular,  adsorption  is  stronger  at  the  air/solution  interface  for  MEG 
but  stronger  at  the  Hg/solution  interface  for  BEG.  If  the  ratio  of  concentra 
tions  at  Ay  *  3  mN  m-T  is  calculated,  Traube's  rule  is  found  to  be  obeyed  at 
the  air/solution  interface,  but  the  coefficient  is  higher  at  the  Hg/solution 
interface  where,  therefore,  adsorbability  is  not  simply  governed  by  the  ex¬ 
pulsion  of  the  organic  substance  from  the  bulk  of  the  solution. 

The  different  behaviour  of  the  adsorbates  at  the  two  interfaces  shows  up 
much  mere  clearly  in  terms  of  adsorption  isotherm.  Surface  excesses  have 
teen  derived  by  graphical  differentiation  of  surface  pressure-log  x  curves. 
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Fig.  2  shows,  as  an  example,  the  adsorption  isotherms  of  MEG  at  the  free  sur¬ 
face  of  water  and  at  the  Hg/solution  interface.  In  all  cases  no  S-shaped  iso¬ 
therm  is  observed  which  means  that  lateral  interactions  are  very  weak,  or  re¬ 
pulsive.  This  is  a  very  intriguing  result,  since  for  most  of  the  other  sub¬ 
stances  (including  nitriles1),  for  the  aliphatic  alcohols  in  particular’, 
the  lateral  interaction  term  corresponds  to  strong  attraction. 

In  order  to  quantify  the  above  quanlitative  observations,  the  experimental 
points  have  been  fitted  to  different  kind  of  isotherms.  In  particular,  since 
lateral  repulsion  is  involved,  the  virial  and  the  square  root10  isotherms 
have  also  been  tested. 

The  adsorption  potential  shifts  to  more  positive  values  at  both  interfaces 
which  suggests  that,  formally,  the  adsorbates  are  oriented  with  the  positive 
end  of  the  molecular  dipole  pointing  away  from  the  solution.  If  A E  is  plotted 
as  a  function  of  the  surface  excess  of  adsorbate,  the  curves  for  the  three 
ethers  at  the  air/solution  interface  overlap  quite  nicely. 

In  conclusion,  aliphatic  monoethers  of  ethylene  glycol  adsorb  at  the  Hg/so 
lution  interface  in  a  way  which  differs  structurally  and  energetically  from 
the  situation  at  the  air/solution  interface.  The  unability  of  the  hydrocarbon 
tail  to  protrude  from  the  liquid  phase  as  the  solid  wall  is  present  is  pro¬ 
bably  responsible  for  this.  The  generally  negative  value  of  the  interaction 
parameters  may  be  interpreted  in  terms  of  a  high  solubility  of  the  adsorbates 
in  the  facial  layer  due  to  the  hydrophilic  groups  being  probably  capable 

of  hydrogen  bonding  to  neighbouring  water  molecules.  The  orientation  of  the 
ethanol  moiety  at  the  air/water  interface  is  probably  the  s u.a  ±or  ux  ethers 
investigated,  while  it  is  variable  at  the  Hg/solution  interface. 
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Fig.  1  -  Surface  pressure  due  to  adsorption  of  methoxy-  (MEG),  ethoxy-  (EEC) 

and  buthoxyethanol  (BEG)  at  the  air/solution  ( - )  and  the  Hg/solution 

( - )  interface. 
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Fig.  C  -  Adsorption  isotherm  of  methoxyethanol  at  the  air/solution  ( - ) 

ar.d  the  Hg/solution  ( - )  interface. 
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IONIC  ADSORPTION  FROM  MIXED  ELECTROLYTE  SOLUTION 
AT  CONSTANT  CATIONIC  STRENGTH 


E.DUTKJEVICZ  and  P.SKOLUDA 

Department  of  Electrochemistry,  Faculty  of  Chemistry, 
A.Kickiewiez  University, Grunwaldzka  6,Poznah  /Poland/ 


The  problen  of  adsorption  of  ion  froa  nixed  electrolyte 
solution  ef  different  types  of  synnetry  with  a  cannon  nonadsor¬ 
bing  cation  or  anion  is  still  open  both  froa  theoretical  and 
experimental  point  of  view.  The  sin  of  this  work  is  to  propose 
an  approximation  method  ef  studying  the  adsorption  process  of 
ion  from  a  binary  nixture  of  two  salts  of  1:1  KA  ♦  1:2  K-B 

syne try  in  which  only  a  divalent  anion  B  is  specifically  ^ 
adsorbed,  while  the  other  electrolyte  components  being  present 
in  the  diffuse  layer  and  in  the  bulk. 

The  method  proposed  is,  in  partlculary,  convenient  in  studying 
the  adsorption  process  on  solide  electrode. 

Let  us  consider  the  solution  of  electrolytes  of  constant  catioal 
nic  strength  but  with  variable  concentration  ef  aiens  and  of  to¬ 
tal  composition:  ,  N 

'■t  -  2  *K.B  U  *  Vj>  *2B 


!*T  -  2  “■  *  V  V 

where  a*  ■  n^  ♦  2  m^  B  are  the  total  molar  concentrations  ef 
salts  1 : 1  and  1:2.  ^ 


Electrocapillary  curve  for  that  nixed  electrolytes  and  for 
the  constant  T  and  p,  takes  the  following  form. 


-dy  -  o’ M  dE  ~  +  rB  d)i  +  rh  dp., 


where  y  is  the  in  ter  facial  tension,  pg  B  and  ju^  chemical 
potentials  of  salts  KjB  and  KA,  g  2 and  T  A  the  surface 

excess  concentration  ef  the  aniona  under  consideration,  <3  M 
is  the  surface  charge  per  unit  area  om  the  electrode,  E*  is  the 
potential  of  the  electrode  measured  with  respect  to  a  reference 
electrode  reversible  to  cation  or  anion  in  the  working  solution. 
Changes  in  chemical  potentials  ef  individual  salts  can  be  expres¬ 
sed  through  the  changes  in  their  concentrations  : 


d)jiK26  =  RTd  In  (mK:6) 
d^KA-  RTdln  i:nnT- 2  mKzB) 
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Substituting  egns.  (  2 )  and  ( 3  )  into  e <jn.  (  1 )  wo  obtain  : 

-dT  =  rfMAEiMrB-2r»TS^^-'lRTdLU(mKlt3  (4) 


A  simplification  nay  bo  obtained  in  tho  apodal  eaao  of  a  vary 
dilute  solution  of  one  salt(  KgB  ,  in  an  excess  of  the  other, 

KA,  l.e.—-TT^ - *-  0.  Eqn.  (4  )  then  rosacea  to 

.dT.  rfVE1  +r6RTdMm«,0  (5) 

Assuning  that  r  B  -  fg1  -*Tgd  where  Tg1  is  the  surface 

n  d 

excess  of  ion  B  in  the  inner  layer  andl  g  is  the  surface 
excess  of  ion  B  in  the  diffuse  layer  we  can  write  : 


“RT  (  <5UwYiKi6  V.y.B 


As  a  first  approxinatlon  we  treat  this  systen  as  different  ionic 

strength  one.  The  error  introduced  by  this  approxinatlon  should 

not  be  significant. 

On  the  other  hand  that  uethod  has  several  advantages  : 

1.  Permit  to  use  in  experiment  on  electrolyte  with  negligible 
specific  adsorption  e*g.  NaF.  This  is  of  particular  adman- 
tage  since  divalent  anions  are  usualy  adsorbed  on  mercury 
electrode  and  in  particulary  on  solid  electrodes  in  the 
aaoints  which  cannot  be  neglected. 

2.  Using  the  higher  conductivity  of  the  base  solution  by  appli¬ 
cation  of  nonadserbing  electrolyte  KA  as  compare  to  the 
single  salt  solution  the  potentlodynamlc  method  of  capacity 
measurement  are  easier  and  more  accurate. 

3.  At  constant  cationic  stragth  potential  of  electrode  studied 
is  directly  expressed  in  the  thermodynamic  scale  if  the  refe¬ 
rence  electrode  is  reversible  to  the  cation* 

4.  Activity  coefficients  in  mixed  electrolyte  solution  are  al¬ 
most  constant  or  slightly  change. 

5.  At  the  extremely  negative  petentlal  when  all  anions  are  desor¬ 
bed  the  capacity  curves  for  the  range  of  not  to  high  concen¬ 
tration  studied  coincide  and  the  back-integration  method  to 
integrate  the  differential  capacity  curves  can  be  applied* 
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1  2 

Up  to  the  works  of  Parry  and  Parsons  the  detailed  study 
of  the  specific  adsorption  of  ions  at  the  nercury  electrode  has 
been  confined  to  the  siaple  nono atonic  halide  lens.  In  their 
papers  they  get  through  the  analysis  of  adsorption  process  for 
such  sulfonates  ions  like  p- toluene sulfonate  (  p*PTS  )  and 
m-benzenedisulfonate  (EMUS)  *  Later*  Dutkiewicz3  studied  the 
adsorption  of  benzenesulfonate  ion  ( BS )  from  aqueous  solutions 
at  constant  ionic  strength. 

In  this  paper  the  effect  of  the  nunber  of  ionic  groups  compa¬ 
red  with  the  size  of  arooatlc  syaten,  the  effect  of  position  of 
substituents  in  aronatic  ring  and  the  influence  of  5t  electrons 
on  adsorption  process  have  been  studied. 

The  study  were  carried  out  using  *  sedlua  salts  of  cL  mafta- 
lcneaulfonate  (  CL  NaNS  )  ,  P  naftalenesulfonate  ( (3  NaMS  )  * 

1,5  naftalene  dlsulf ornate  ( 1 ,5  DNS )  ,  benzenesulfonate  (NaBS) 
and  cyklohezane sulfonate  (  CHS )  at  constant  ionic  strength  of 
solutions.  The  interfacial  tension  between  nercury  and  solutions 
was  neasured  using  capillary  electrometer  with  MBP  method*. 

The  double  layer  capacity  of  the  interphase  was  measured  with  an 
a.c.  bridge. + All  neasureneats  were  carried  out  in  an  air  thermos¬ 
tat  at  298  -  4,2K.  The  potentials  of  the  ideal  polarized  elec¬ 
trode  were  neasured  with  respect  to  uercurous  sulfate  electrode. 
The  capacity  curves  were  integrated  numerically.  The  integration 
constants  were  obtained  frem  the  electrocapillary  curves.  All 
selutions  were  prepared  volumetric ally  frea  thrice  distilled 
water.  For  all  these  systems  except  1,5  DNS  we  used  NaF  as  the 
base  electrolyte.  For  1,5  CMS,  Na„SO,  was  used  as  the  base 
electrolyte.  *  H 

The  capacity  curves  obtained  for  cl  NaNS,  P NaNS  and  CHS 
lens  show  similar  concentration  effect  on  double  layer  capacity. 
At  the  lower  concentrations,  the  capacity  curves  show  a  marked 
peak.  However,  as  the  concentration  of  ions  Increases  this  peak 
leveres  and  appears  is  replaced  by  a  minimum,  while  a  higher  and 
narrower  peak  appears  at  more  negative  potentials.  This  effect  is 
similar  to  that  obtained  by  Parry  and  Parsons  for  p-PTS  ions  for 
which  they  suggest  that  at  lew  bulk  concentrations  of  p-PTS  ions 
are  lying  flat  on  the  mercury  surface  while  at  higher  concentra¬ 
tions  reorientation  to  allow  closer  packing  of  ions. 
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The  capacity- curves  obtained  lor  1,5  QMS  are  similar  to  that 
ol  BHDS  ion  .  It  leads  to  the  preasumption  that  the  number 

of  aroaatlc  rings  does  not  play  a  dominating  role  in  the  influen¬ 
ce  ol  the  concentration  ellect  on  the  shape  ol  capacity  curves. 

It  la  rather  associated  mere  with  number  ol  ionic  groups  than 
compared  with  the  size  ol  the  aromatic  system,  although  ve  cannot 
omit  its  influence  on  the  process  of  adsorption. 

For  all  these  systems  ve  note  the  changes  is  slope  el  the 
lines  ol  (5”'*  vs  Q  at  constant  charge  ol  the  metal  which  is  con¬ 
nected  with  fact  that  the  standard  free  energy  el  adsorption  as 
a  function  ol  charge  is  non  linear.  This  is  quite-dlllerent  than 
for  BHDS  ion  where  this  dependence  were  linear  From  the 

analysis  ol  adsorption  process  the  following  series  ol.  increa¬ 
sing  absorbability  nay  be  proposed  ;  1,5  QMS  <  BS  <  PTS  <  CHS 
<  ct  NaMS  <  p  NaNS.  From  this  series  it  may  be  concluded  that 
the  absorbability  ol  the  considered  ions  depends  on  the  electri¬ 
cal  and  geometrical  propertiea. 
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SOLVENT  EFFECTS  ON  THE  DOUBLE  LAYER 
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The  influence  of  the  oonmon  organio  solvents  on  the  double 
layer  oapaoity  and  entropy  curves  has  been  analysed  for  the 
meronry/eleotrelyte  solution  interfaoe  without  deteotable 
specific  adsorption.  0 

The  coordinates  of  oapaoity  minimum  and  maximum  at  25°C 
are  sutmsariased  below: 


minimum 

n»r<  mw 

Cj/FhT*  /Cm"2 

Cj/Fm"2  /Cm"2 

Methanol  (MsOH)  KF 

NaClO. 
LiBF.  H 

m6 

0,095 

0,095 

0,095 

0,095 

-0,05 

-0,05 

-0,05 

-0,05 

0,359 

0,315 

• 

•m 

0,06 

Dimethylformamide  (DMF) 
NaC10k 
KPF, 

LiBP^ 

0,070 

0,070 

0,072 

-0,110 

-0,110 

-0,100 

0,558 

0,51 

0,20 

0,20 

Propylene  oarbonate  (PC) 
NaClO. 

KPF6 

0,065 

0,062 

-0,13 

-0,13 

0,385 

0,28 

0,15 

o,i4 

Acetone  (AC)  NaClO. 

kpf6  4 

0,068 

0,068 

-0,10 

-0,10 

0,47 

0,33 

0,08 

0,09 

n~methylformasd.de  ( NMF) 
NaClOr 

KPF6  4 

0,150 

0,150 

-o,oi4 

-0,012 

0,20 

0,20 

-0,095 

-0,095 

It  oan  be  noted  that  the  coordinates  of  the  oapaoity 
minimum  and  the  charge  density  at  the  oapaoity  maximum  are 
solvent  dependent  and  independent  of  the  eleotrolyte.  The 
latter  inoreasee  in  the  following  order: 

Ms  OH  C  AC  <  BMF  <  PC  <  DMF 
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Similar ily  increases  the  free  on ergy  of  adsorption  of  the 
or|«nlo  solronts  from  aqueous  solutions 1 :  MsOB  <  AC  <  HMP , 
and  the  dipolo  moment  of  tbs  solvents.  This  nay  indioats  tbs 
predominant  rols  of  tbs  slootrostatio »  non*  spooifio  dipolo  - 
image  dipols  intorf aotions  bo two on  tbs  solvent  molecule  and 
tho  olootrodo.  Suoh  interactions  would  privlledged  on  orienta¬ 
tion  in  whiob  tbs  solvent  dipols  is  parallel  to  tbs  slsotrods 
surfaos* 

Tho  oonparison  of  tbs  oapaoity  and  entropy  ourves  for  inves¬ 
tigated  solvents  indioato  two  typioal  intorf aoial  behaviour: 

(1)  The  entropy  curve  followes  the  oapaoity  ourve  -  protio 
solvents  suoh  as  Me OH  and  NMP. 

fii)  The  entropy  ourve  has  maximum  at  negative  charge  density 
where  the  oapaoity  is  small  and  alsmst  charge  independent  * 
a protio  solvents  suoh  as  DMF,  PC,  AC. 

1.  Z.  Borkowska,  J.  Electroanal.  Chsm. ,  l46  (l 983 ) 385» 
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Laboratoire  d  '  Elec tr ochimie,  Universite  Pierre  et  Marie 
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A  set  of  general  solutions  has  been  derived  which  verifies 
the  theoretical  analysis  for  controlled  potential  step  perturba¬ 
tion  techniques,  for  both  reversible  and  irreversible  electro¬ 
chemical  systems.  The  solutions  allow  both  renewed  and  non- 
renewed  electrode  surfaces  to  be  employed  as  well  as  a  wide  ran¬ 
ge  of  perturbation  waveforms. 

The  generality  of  the  solution  is  such  that  a  full  analy¬ 
sis  of  the  influence  of  the  various  parameters  can  be  made  for 
any  type  of  electrochemical  method  in  which  the  potential 
perturbation  can  be  approximated  by  a  staircase  function, 
allowing  the  theoretical  optimisation  of  these  factors  to 
generate  the  maximal  response. 

From  this  study,  a  new  technique  which  lies  midway  between 
differential  pulse  polarography  (DPP)  and  square  wave  voltasi- 
metry  has  been  found  to  have  an  optimal  sensivity  around  two 
orders  of  magnitude  greater  than  DPP. 

Initially  the  electrode  is  maintained  at  a  suitable  potential. 
A  certain  number  of  potential  perturbations  is  then  imposed  to 
create  what  has  been  termed  a  " crenellated"  waveform.  This  wave 
name  implies  that  the  perturbation  amplitudes  are  constant.  The 
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vol tacoulommetr ic  response  wave,  which  has  the  classical  bell 
shape,  is  obtained  by  a  series  of  measurements  of  the  differen¬ 
tial  charge  response  at  different  potentials,  i.e.  a  response 
which  is  the  difference  between  the  charge  response  to  the 
applied  perturbation  and  the  corresponding  underlying  polaro- 
graphic  component.  This  is  the  same  technique  as  employed  in 
integrated  differential  pulse  polarography  (IDPP)  where  only 
one  potential  step  is  considered. 

The  fractions  of  the  charge  recovered  during  the  odd  and  even 
periods  converge  rapidly  towards  the  same  absolute  limit  which 
represents  around  70%  of  the  first  current  integral.  Two  ope¬ 
rating  modes  are  suggested,  A  and  B,  depending  on  the  way  in 
which  the  successive  responses  are  combined. 

In  mode  A  the  charges  are  summed  ignoring  their  signs,  the 
response  being  given  by: 

Q~  1.4  Cte  M  Qx 

where  M  is  the  number  of  periods  and  the  charge  corres¬ 
ponding  to  the  first  potential  step,  i.e. the  IDPP  response, 
t  6 

C  contains  the  usual  parameters,  diffusion  coefficients 
and  the  initial  concentration  of  electroreducible  species. 

In  mode  B,  the  charge  responses  are  summed  including  their 
signs  and  the  following  approximate  solution  applies, 

Q=  Cte  (R  M  v  )1/2 

where  R=v/(v+u),  v  and  u  being  the  odd  and  even  period  lengths. 

This  formula  shows  clearly  that  the  charge  response  varies 
as  the  square  root  of  the  number  of  periods  and  yields  a  sen¬ 
sitivity  increase  around  10,  when  compared  with  IDPP  on  the 


10012 


same  timescale  .  This  approach  is  practically  an  extension  of 
the  double  potential  step  method  proposed  by  F. Anson. 

In  mode  A  the  current  integration  period  is  limited  by  the 
time  t  necessary  for  the  decay  of  the  capacitative  current, 
while  in  mode  B,  capacitative  compensation  is  achieved  for  an 
even  number  of  perturbations. 

It  can  be  shown  by  calculation  that  optimal  response  in  mode  A 
is  achieved  when  the  odd  and  even  perturbations  are  of  equal 
duration  v  and  for  a  ratio  t/v  close  to  .22.  Practicaly  t  is 
limited  to  around  a  few  ms.  and  the  impulse  durations  are  close 
to  those  used  in  classical  IDPP.  On  the  other  hand,  in  mode  B, 
a  totally  di ssymetr ical  waveform  is  optimal  with  a  ratio 
between  the  odd  and  even  half  periods  as  large  as  possible.  In 
practice  a  value  of  9  is  sufficient.  In  both  modes  the  peak 
potential  of  the  response  curve  follows  the  laws  as  found  in 
IDPP. 
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DETERMINATION  OF  METALS  AT  TRACE  LEVEL  BY  SECOND  HARMONIC 
ALTERNATING  CURRENT  ANODIC  STRIPPING  VOLTAMMETRY 
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The  half-wave  potentials  of  the  reduction  of  lead(II)  and  thal 
lium(I)  as  well  as  antimony ( III)  and  bismuth(III)  respectively 
are  very  close  to  one  another  in  the  commonly  electrolytes  which 
hinders  their  simultaneous  polarographic  determination. 

Several  authors  employed  various  organic  complexing  agents  or 
special  solutions  as  the  supporting  electrolyte  to  determine  the 
se  elements.  This  contrivance  can  be  avoided  employing  the  se¬ 
cond  harmonic  alternating  current  voltammetry  technique,  which, 
unfortunately,  is  very  selective,  but  not  sufficiently  sensiti¬ 
ve.  Since  the  concentrations  of  the  metal  in  samples  of  special 
interest,  as  inorganic  and  organic-biologic  matrixes,  are  often 
at  trace  level,  the  possibility  to  combine  the  second  harmonic 
alternating  current  voltammetry,  extremely  selective,  with  the 
anodic  stripping  method,  which  allows  to  achieve  a  very  high  a- 
nalytical  sensitivity,  was  studied1'2. 

This  paper  describes  the  determination,  by  second  harmonic  al¬ 
ternating  current  anodic  stripping  voltammetry,  of  lead  and  tha_l 
lium,  bismuth  and  antimony  in  1  mol/1  HC1,  where  the  half-wave 
potentials  are  respectively  only  40  and  60  millivolts  apart. 

A  conventional  three-electrode  arrangement  was  utilized. 

The  working  electrode  was  the  long-lasting  sessile-drop  mercu¬ 
ry  electrode  (LLSDME)  with  a  drop  time  of  240-300  seconds:  this 
electrode  permits  a  longer  electrolysis  time  and  rest  time,  slo 
wer  potential  scan  rates  and  consequently  a  higher  current  re¬ 
sponse.  A  saturated  calomel  electrode  (SCE)  and  a  platinum  elec¬ 
trode  were  respectively  employed  as  reference  and  auxiliary  e- 
lectrodes. 

Established  the  experimental  conditions  for  the  determination  of 
lead,  thallium,  bismuth  and  antimony,  the  calibration  curves  we 
re  determined  by  second  harmonic  alternating  current  voltamme¬ 
try  with  the  stripping  method:  the  peak  current  was  calculated 
on  the  cathodic  peak  for  thallium  and  antimony  and  on  the  ano¬ 
dic  peak  for  lead  and  bismuth. 
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Subsequently  the  problem  of  the  analytical  determination  of  each 
element  in  the  respective  mixtures  was  studied. 

Fixed  the  best  experimental  conditions,  the  simultaneous  deter¬ 
mination,  by  second  harmonic  alternating  current  anodic  strip¬ 
ping  voltammetry,  of  lead  and  thallium,  antimony  and  bismuth  in 
the  mixtures  was  possible  in  the  range  of  concentration  ratios: 


7:1 

C  :C 

Pb  Tl 

1:36 

45:1 

C_.  :C„, 
Sb  Bi 

1  : 35 

where  C  is  the  metal  concentration  (mol/1) . 

However  it  was  interesting  to  observe  that,  when  the  concentra¬ 
tion  ratio  was  unfavourable,  the  determination  of  the  elements 
was  equally  possible;  in  fact  it  was  sufficient  to  bring  again 
the  concentration  ratio  inside  the  above-mentioned  range  through 
suitable  additions  of  metal  standard  solution  to  determine  again 
both  elements. 

The  experimental  data  were  processed  by  monovariate  and  bivaria 
te  analysis. 

The  monovariate  analysis  neglects  the  presence  of  the  interfe¬ 
ring  element,  while  the  bivariate  analysis  takes  into  account 
the  contribution  of  the  interfering  element  as  well. 

It  was  very  interesting  to  mark  that  the  slope  coefficient  of 
the  bivariate  analysis,  for  both  elements  of  each  mixture,  was 
practically  equal  to  the  slope  coefficients  of  the  calibration 
curves  and  the  monovariate  analysis. 

This  fact  proved  that,  in  the  considered  range  of  concentration 
ratios,  the  mutual  interferences  of  lead-thallium  and  bismuth- 
antimony  in  the  respective  mixtures  were  negligible. 

The  detection  limit,  in  the  used  experimental  conditions,  was 
about  1 0-®  mol/1  for  all  the  understudied  elements  in  the  re¬ 
spective  mixtures. 

For  this  method,  the  precision  of  the  analytical  procedure,  ex¬ 
pressed  by  the  residual  standard  deviation  (sr) ,  was  of  the  or¬ 
der  of  3-4  %,  and  the  accuracy,  expressed  as  relative  error  (e) , 
was  of  the  order  of  2-3  %. 
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THE  EFFECTS  OP  ADSORPTION 
OF  THE  ION  ASSOCIATES  IN  ELECTROANALYSIS 
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The  electroreduction  and  adsorption  regularities  of  the 
reactant  particles  in  the  Bi(III)  -  chloride  ion  -  quinoline, 
Sb(III)  -  chloride  ion  -  quinoline  and  Sb(III)  -  oxalate  ion- 
fe  -quinoline  systems -at  various  pH  were  investigated  by  chro- 
novoltammetric,  tensammetric  methods  and  electrocapillaiy 


curves  measurements. 

The  cathodic  chronovoltammograms  of  Bi(III)  and  Sb(III) 
in  the  presence  of  quinoline  with  chloride  as  supporting  elec¬ 
trolyte  and  Sb(III)  in  the  presence  of  &>  -quinoline  with  oxa¬ 
late  as  supporting  electrolyte  have  the  form  of  isosceles  tri¬ 
angular,  characteristic  for  the  processes,  complicated  by  the 
adsorption  of  depolarizer.  Diagnostical  criteria  based  on  the 
dependence  of  the  cathodic  (1°)  and  anodic  (I®)  peak  currents 

on  scan  rate(V),  lgljj/S  -  lgV,  I$/V1/2  -  1/21gV,  ljJ/1®  -1/21gV 

also  testify  of  the  adsorption  of  the  reacting  electroaative 
particles.  The  dependance  of  1^  of  Bi(III)  and  Sb(III)  on  the 
concentration  (C)  of  quinolinep(Quin)  in  the  presence  of  chlo¬ 
ride  ions  passes  through  its  maximum  at  quinoline  concentra¬ 
tions  equal  to  0,25  M.  Peak  currents  of  Bi(III)  and  Sb(III)  at 


.  ■  0,25 
c8iii8ntrati 


U  increase  with  the  increase  of  the  chloride  ions 
on  in  solution  and  reach  their  maximum  value  at 


chloride  ion  concentration  equal  to  0,5  M  for  Bi(III)  and 
1,5  M  for  Sb(III),and  with  further  growth  of  chloride  ion 
concentration  remain  unchanged. 

The  comparison  of  the  these  data  with  the  results  of  the 
for  average  charge  (z)  calculations  of  the  chloride  complexes 
of  Bi(III)  and  Sb(III)  in  the  bulk  of  the  solution  shows  that 


peak  current  sharply  increases  with  the  growth  of  negative 
value  of  z  as  it  is  seen  from  Fig. 1.1°  of  Ei(III)  and  Sb(III) 
reduction  begin  to  Increase  at  small  Values  cf  average  z  <.  1, 
when  anion  complexes  of  Bi(III)  and  Sb(III)  appear  in_solution 
and  reach  maximum  value  at  z»-2  for  Bi(III;  and  z»-1  for 
Sb(III).Thi8  testifyes  about  the  advantageous  adsorption  of 
anion  complexes  [BiClj]  and  [SbCl^  “.Values  of  surface  con¬ 
centration  l)  of  the  electroactive  complexes  of  Bi(III),  cal¬ 
culated  from  the  triangular  peak  fora  area,  reach  under  these 
conditions  the  value  of  1, 1-1,5  10“  uraoles  cm”  , and  the  area, 
occugied  by  one  particle  of  the  depolarizer, is  approximately 
120  A  , correspondingly (proceeding  from  tha  complete  filling  of 
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surface  by  the  monolayer  of  the  adsorbed  particles).  Values  of 
r  found  are  close  to  those,  usually  observed  for  the  adsorp¬ 
tion  of  the  organic  substances.  It  is  characteristic  that  the 
area, determined  from  Stuart-Briglem  model, occupied  by  tfya  qui¬ 
noline  molecule,  is  twice  smaller  and  is  equal  to  60  A  .  The 
latter  makes  it  possible  to  assume,  that  the  adsorbed  electro¬ 
active  particle  uncludes  two  quinoline  molecules. 

While  studying  the  nature  of  electroactive  complexes  it 
is  necessary  to  take  into  account  that  in  the  interval  of  pH 
investigated  quinoline  is  present  in  protonated  fona  and  draws 

the  anions  of  [BiCl^  "2  or  [sbCl^]  "  into  the  adsorption  layer, 

increasing  their  surface  concentration.  Under  these  conditions 
the  formation  of  ion  associates  of  metal  anion  complexes  with 
protonated  quinoline  molecules  is  very  likely,  electroactive 
particles  HBiClcl ;2QuinH],  which  occupy  the  area,  twice  ex¬ 
ceeding  the1  corresponding  value  for  the  quinoline  molecule,  in 
particular .The  similar  ion  associates  are  formed  in  acidic  me¬ 
dia  in  solutions, containing  Bi( III) , quinoline  and  iodide  ions, 
Bi(III),  dipyridll  and  chloride  ions. 

The  similar  effects  are  observed  during  the  electroreduc¬ 
tion  of  oxalate  complexes  of  Sb(III)  in  the  presence  ef  B -qui¬ 
noline  as  well,  which  is  manifestated  in  the  increase  of  peak 
currents  and  values  of  Semerano  criteria. 

The  comparison  of  electrocapillary  and  tensammetric 
curves  (pig. 2)  indicates  at  sharp  increase  of  the  Sb(III)  oxa¬ 
late  complex  adsorbed  in  the  presence  of  & -quinoline  cations, 
wich  displays  in  the  decrease  of  values  of  mercury  border  ten¬ 
sion  and  double  layer  capacity  at  potentials  more  positive 
-  0,4  V  (  vs  Ag/AgCl  ). 

Thus,  the  electroreduction  processes  of  Bi(III)  and 
Sb(III)  anion  complexes  in  the  presence  of  protonated  quino¬ 
lines  can  be  expressed  by  the  following  scheme: 

,  mSK*  - ado"2"*- 

- -*-Me(  Hg)  +  mRH*  +  nA 

Here  Me  -  Bi(III),  Sb(III);  A-  Cl",  C20^2;  R-  Quin,  £  -Quin. 

At  high  concentrations  of  Bi(III)  and  Sb(III)  the  simul¬ 
taneous  discharge  of  metal  anion  complexes,  diffusing  from  the 
solution,  is  possible, which  manifestates  in  splitting  of  chro- 
no vo It ammo gram  peak. 

The  possibility  of  the  anion  complex  formation  of  Bi(III) 
and  Sb(III)  with  chloride  ions  and,  consequently,  ther  asso¬ 
ciates  with  protonated  quinolines  depends  on  pH  value.  It  is 
found  that  changing  of  pH  within  the  range  of  0,3  -  3  pH  does 
not  influence  the  electroreduction  of  Bi(III)  in  hydrochloric 
acid  solution  of  quinoline.  At  pH>  3  the  decrease  of  the  catho¬ 
dic  peak,  connected  with  Bi(III)  hydrolysis,  is  observed.  For 
Sb(III)  changing  of  pH  withing  the  same  range  considerably  in¬ 
fluence  1^  Sb(III).  This  difference  is  stipulated  for  the  fact 
that  Sb(III)  complexation  with  chloride  ions  at  iow  concentra¬ 
tions  of  hydrogen  ions  is  complicated  because  of  the  firmnes 
of  Sb-0  bond.  It  can  be  assumed  that  in  the  interval  0,5<pH<  2 


mixed  hydroxochloride  cationic  complexes,  which  do  not  adsor¬ 
bed  no  the  electrod  surface,  predominate.  At  pH<0,5  anionic 
[SbCl.]**  complexes  becsme  to  predominate, which  form  associates 
with  *protonated  quinoline  molecules. 

Using  the  effects  of  pH  and  chloride  ion  concentration 
influence,  it  is  possible  to  select  conditions,  when  Bi(III) 
electroreduction  in  hydrochloric  acid  solutions  is  taking 
place  from  the  adsorbed  state,  and  Sb(IIl)  electroreduction 
process  is  controlled  by  diffusion.  This  made  it  possible  to 
increase  the  sensivity  and  selectivity  of  the  determination  of 
Bi(IlI)  in  the  presense  of  200-fold  excess  of  Sb(III)  400- 
fold  excess  of  Sn(IV)  with  0,5  M  KC1  +  0.25  M  quinoline  as  ba¬ 
sic  electrolyte  at  1<pH<2  and  to  carry  out  the  chronovoltam- 
metrlc  method  of  high  sensivlty  of  Bi(IIl)  determination  in 
copper  alloys. 
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Kinetics  of  the  iodide-catalyzed  cerium(IV)-arsenic(III)  reaction1 
has  been  widely  applied  to  iodide  determination  at  trace  level.  UV-V 
spectrophotometry  has  been  mainly  used  in  monitoring  reaction  rate. 

In  this  paper,  possibility  of  potentiometric  monitoring  is  studied 
with  analitycal  purposes. 

The  equilibrium  potential  of  the  Ce( IV)/Ce( III )  couple  according  to 
Nernst's  equation  is: 


E  =  E°' 


(1) 


In  the  presence  of  an  excess  of  Ce(III),  its  concentration  is  closely 
constant  along  the  reaction,  and  therefore 


E  -  E0'  -  ££  In  fCe(III)]0+  {£  In  [Ce(IV)J  (2) 


Reaction  kinetics  is  pseudofirst-order  when  arsenic(III)  is  in  a 
large  excess  over  cerium(IV)1.  Then: 


In  [Ce(IV)]  =  In  [Ce(IV)J0-  kt  (3) 

From  this,  equation  (2)  may  be  writen  as: 

E  =  E*-£J-kt  (4) 

According  to  this  equation,  the  equilibrium  potential  should  vary 
with  time  linearly,  and  so,  the  rate  constant  for  the  catalized  reaction, 
k  (proportional  to  the  Iodide  concentration), may  be  calculated  from  the 
slope  of  the  potential-time  straight  line. 

EXPERIMENTAL 

For  the  potentiometric  measurement,  a  Crison  501  digital 
potentiometer  and  a  Metrohm  E  516  potentiograph  with  platinum  wire  or 
carbon  paste  as  indicators  electrodes,  and  Ag/AgCl  as  reference  electrode 
were  used. 

Current-vol tage  curves  were  obtained  with  a  Metrohm  E  506  polarograph. 
Platinum  wire  or  carbon  paste  as  indicators  electrodes,  platinum  wire  as 
auxiliar  electrode  and  Ag/AgCl  as  reference  electrode  were  used.  Solution 
was  stirred  magnetically.  Temperature  was  mantained  constant  at  25+0. 1°C. 
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temp.,25°C.  a)  experimental  curve, 
b)  straight  line  with- theoretical  slope. 


t  (*) 


fig  2.-  Potential-time  curve  with  carbon  paste 
electrode.  Ce(IV),2xlO‘,'M;  Ce(  1 1 1 )  ,6x10“  3M; 
As(III),2xlO"jM;  H2S04,0.4M;  I ,43.5ng.mL”1 ; 
temp.,25°C.  a)  experimental  curve,  b)  theoretical 
curve. 
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RESULTS  AND  DISCUSSION 
Platinum  indicator  electrode: 

Potential -time  curves  obtained  with  a  platinum  indicator  electrode 
along  the  I--catalyzed  Ce(IV)-As(III)  reaction  have  a  very  different 
shape  from  the  theoretical  ones,  both  in  the  presence  and  in  the  absence 
of  Ce(III),  (Fig  1). 

The  current-voltage  curves  of  a  Ce(IV)  and  Ce(III)  solution  at  a 
platinum  electrode  show  an  irreversible  behaviour  in  0.5M  H»S0i,  medium 
but  reversibility  increases  in  more  acidic  medium.  So,  in  12M  H2S0i,,  a 
single  cathodic-anodic  wave  is  obtained.  However,  As ( I I I )  gives  an 
anodic  current  which  overlaps  with  those  from  the  Ce( IV)/Ce( II I )  couple, 
owing  to  which  a  mixed  potential  is  measured  with  platinum  electrode, 
even  on  reversibility  conditions. 

Carbon  paste  indicator  electrode: 

From  the  current-voltage  curves,  the  Ce( I V) /Ce( I I I )  couple  appears 
to  be  reversible  at  a  carbon  paste  electrode.  Little  effect  has  been 
found  from  acidity  on  the  reversibility.  It  is  interesting,  moreover,  that 
As(lII)  does  not  show  its  anodic  wave  before  the  oxigen  evolution,  and 
therefore  no  interference  from  As(III)  must  be  expected  on  the  potential 
measurement. 

Fig  2  show  the  variation  of  electrode  potential  along  the  reaction 
time  in  an  excess  of  Ce(III).  Experimental  values  approach  to  the 
theoretical  ones  only  at  large  time  values.  If  electrode  potential  is 
plotted  versus  log  [Ce(IV)]/  [Ce(III)]  a  non-nernstian  response  may  be 
deduced . 

Although  a  better  agreement  is  found  between  experimental  and  nernstian 
curve  at  lower  values  of  the  [Ce(IV)]/  [Ce( III)]  ratio,  experimental 
measurements  are  not  equilibrium,  but  mixed  potentials. 

Potential -time  curves  are  nearly  linear  even  in  the  absence  of  Ce(III) 
and  its  slope  is  linearly  related  to  the  iodide  concentration  at  least 
up  to  48  ng.mL-1  with  a  relative  standard  deviation  of  5.8X  (ten 
determinations),  and  a  detection  limit  of  about  4  ng.mL-1. 

A  lower  detection  limit  may  be  attained  if  the  potential  decay  at 
60  min.  is  plotted  against  the  iodide  concentration. _The  calibration  plot 
is  linear  at  least  in  the  range  from  0.1  to  14  ng.mL-1,  and  the  relative 
standard  deviation  is  8X. 
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Contributions  to  the  Etching  of  ABS  plas¬ 
tics  for  the  chemical  copper  plating. 

A.M.  Martinez;  J.L.  Polo*  y  R.  Guzman.  Dto.  de  Quimica  Fisica.  Facultad  de  Quimicaa 
v  MatemSticas.  Univ/ersidad  de  Murcia.  Spain. 

Plastics  have  a  wide  field  of  application,  one  of  the  most 
interesting  being  that  of  superficial  copper  plating  (1),  wich 
provides  them  with  properties  very  similar  to  those  of  metals, 
i.e.,  electricals  conductors,  being  more  interesting  than  me¬ 
tals,  as  they  are  free  to  corrosion.  At  the  same  time  they 
allow  the  electroplating  of  other  metals. 

On  the  other  side,  we  are  studyng  the  processes  of  chemi¬ 
cal  copper  plating  on  differents  plastics,  presenting  in  this 
communication  the  studies  realized  on  the  ABS  type  (acrilonitrj^ 
le-butadiene-styrene),  as  it  is  the  most  widely  used  in  this 
field  and  that  presenting  the  best  conditions  for  the  chemical 
plating. 

The  most  important  processes  may  be  classified  in  four 

steps: 

Is).-  Chemical  treatment  with  a  sulphochromic  solution  in 
order  to  obtain  a  microf isurated  surface. 

2s).-  Sensibilization  by  the  SnCl  action. 

3s).-  Activation  by  AgNO^.  2 

4s).-  Chemical  copper  plating  in  isself.(2). 

And  lately  it  may  be  subject  of  an  electrochemical  treat¬ 
ment,  as  the  electroplating  of  another  metal. 

This  study  has  been  made  as  a  function  of  the  following  pa 
rameters:  temperature,  minimum  time  required  for  the  action  of 
sulphochromic  solution  and  dichromate  concentration. 

With  that  object,  we  have  made  two  graphs: 

a) .-  Dichromate  concentration  vs.  minimum  time  (Graph  1). 

b) .-  Temperature  vs.  minimum  time  (Graph  2). 

It  is  possible  to  observe  from  both  graphs,  that  so  the  re 
active  concentration  as  the  temperature,  influence  mainly  on~ 
the  superficial  copper  plating  of  ABS  plastics. 

It  has  not  been  possible  its  study  at  high  temperature  be¬ 
cause  have  appeared  softening  phenomena  in  the  polymer. 

The  kinetics  of  the  processes  show  the  aparition  of  very 
interesting  phenomena,  as  some  inflection  points  in  each  one  of 
the  processes  submitted  to  the  plastic,  being  always  in  the  sa¬ 
me  range  of  temperature  (45-55  °C),  but  at  dichromate  concentra 
tions  lower  than  2,3.10-4  M. 

These  inf  lection  points  appear  later  when  the  dichromate 
concentration  is  lower. 

We  think  that  it  is  an  inductive-kinetic  phenomena 


*)  Dto.  de  Quimica  Analitica.  Facuitad  de  Quimicas  y  Matem6tica9.  Universidad  de 
Murcia.  Spain. 
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being  actually  widely  studied. 

This  communication  is  enlarged  with  exposition  and 
observation  of  the  photographs  at  microscope  (900x)  of  the 
mentioned  surfaces. 

Once  seen  then,  it  is  possible  to  observe  the  micro 
fisurization  due^the  sulphochromic  solution  is  more  inten¬ 
sive  as  the  temperature  and  the  dichromate  concentration  a 
higher,  which  arfcin  accordance  with  our  graphs. 


Graphs  3  shows  two  series  of  microphotos  of  the 
facts  above  mentioned. 


So,  it  is  easy  to  find  the  optimun  working  condi¬ 
tions  for  each  practical  case,  as  could  be  the  preparation 
of  integrated  electrical  microcircuits,  no  being  rejecta- 
ble  its  use  in  other  fields  of  industry  an  research. 
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1)  3,94.10"'!  M 
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Surface  without  Surface  attacked  Surface  copper  plated, 

attack 

ConditionsifC^O^^l  *  0,84. 10”*1  M,  3,34  M  T-  =  40  °C 

Tine  10  min. 


Su  face  wi  Hint 
attack 


Hr  fare  atfaiKHU 


Surface  copper  plated 


Conditions:  fCr2Q7K2]  «  2,31  .lO"4  M,  {50^3  *  8.53  M.  Ts  -  80  *C 
Time  3  min. 
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THE  APPLICATION  OF  REVERSE  NORMAL  PULSE  POAROGRAPHY  TO  THE  CATHODIC 
STRIPPING  DETERMINATION  OF  SUBSTANCES  OF  BIOLOGICAL  INTEREST. 

J.  M.  LOPEZ  FONSECA,  J.C.  GARCIA  MCNTEAGUDO,  A.  RIVEIRO  y  A.  OTERO 
Departamento  de  Flsico-Qiimica  Aplicada.  Facultad  de  Farmacia. 
Universidad  de  Galicia.  Santiago  de  Compostela .  Spain. 


INTRODUCTION 

Reverse  pulse  polarography  ("scan-reversal  pulse  polarography")  is  a  variant 
of  normal  pulse  polarography  in  which  the  initial  voltage  is  set  to  a  value 
at  which  the  electrode  reaction  being  studied  takes  place.  This  technique  can 
be  used  on  commercially  available  instruments,  and  Osteryoung  and  Kirowa-Eisner1 
have  demonstrated  its  potential  for  the  characterization  of  electrode  reactions, 
ir eluding  the  analysis  of  their  polarographic  reversibility2  and  the  identifica¬ 
tion  and  quantitative  determination  of  their  intermediate  and  final  products. 
Analytically,  the  ampercmetric  mode  cf  the  method  has  been  employed  for  the 
determination  of  a  variety  of  species  using  solid  electrodes  as  flow  detectors-*  > 4. 
The  present  conmmicaticn  describes  the  use  of  reverse  pulse  polarography  for 
the  determination  of  substances  that  take  part  in  the  electrochemical  formation 
of  insoluble  films  of  mercury  compounds  on  the  electrode  surface.  The  technique 
presented  is  a  form  of  cathodic  stripping  voltammetry,  and  shares  the  latter's 
inherent  sensitivity. 

THEORY 

Any  species  A  that  forms  insoluble  compounds  with  mercury  ions  produces  a  polaro¬ 
graphic  anodic  wave  due  to  the  oxidation  of  the  mercury  of  the  electrode: 

z  A  +  Hg  L (Ag  -  Hg)el  +  ne_  (1) 

where  the  subscript  el  indicates  the  surface  of  the  electrode.  If  the  concentra¬ 
tion  of  A  is  such  that  the  maximum  surface  concentration  of  the  compound  Az  -  Hg 
is  attained,  this  wave  may  be  followed  by  a  second  at  more  positive  potentials. 

When  reverse  normal  pulse  polarography  is  employed  with  an initial  voltage 
corresponding  to  the  limiting  current  of  the  anodic  wave,  the  above  electrode 
reaction  takes  place  during  the  time  t-|  that  elapses  between  the  moment  in  which 
the  electrode  drop  begins  to  form  and  the  moment  in  which  the  voltage  pulse  is 
applied.  An  analysis  of  the  phenomenon  similar  to  that  published  by  Koryta5 
shows  the  number  N  of  moles  of  product  formed  in  conditions  in  which  the  surface 
is  not  saturated  to  be  given  by 

N  =  0,85  m2//3  ti2/2r=  0,627. 10“ 3  CA  m2/3  Z_1  (2) 

where  m  is  the  mercury  flow  rate,  T  the  surface  concentration  of  Az  -  Hg,  Ca 
the  molar  concentration  of  A  and  its  coefficient  of  diffusion. 

Applying  a  sufficiently  large  negative  voltage  pulse  drives  reaction  (1) 
backwards,  reducing  the  compound  concentrated  on  the  electrode  surface.  The 
mechanism  is  thus  similar  to  that  of  normal  pulse  polarography  in  electrode  reac¬ 
tions  in  which  the  reagent  is  adsorbed6'7,  and  the  current-voltage  curves  present 
a  characteristic  peak  shap*. 

When  the  negative  pulse  is  applied,  the  compound  (Az  -  Hg)e^  is  stripped 
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fran  the  cathode  to  form  A,  whose  concentration  in  the  proximity  of  the  elec-  . 
trade  depends  cn  the  voltage  of  the  pulse.  Following  the  application  of  the 
pulse,  (Az  -  Hg)e^  continues  to  be  reduced  until  the  whole  film  deposited  has 
been  eliminated,  since  its  re-dissolution  from  the  cathode  acts  to  maintain 
the  concentration  of  A  at  the  electrode  surface  and  so  ccrrpensate  for  the  di¬ 
ffusion  of  A  away  from  the  electrode.  Thus  the  current  recorded  at  a  fixed  time 
tp  after  the  application  of  the  pulse  increases  with  negative  potential  as  a 
result  of  the  increasing  concentration  of  A  at  the  electrode  surface  (which 
increases  its  diffusion  rate) ,  until  a  point  is  reached  at  which  it  begins  to 
decrease  with  further  increrrents  in  -E  because  the  film  deposited  is  exhausted 
before  current  begins  to  be  recorded.  For  a  fixed  voltage,  current  increases 
as  tp  is  reduced,  because  the  rate  of  diffusion  of  A  increases  due  to  the 
relationship  between  tp  and  the  concentration  gradient  of  A.  Since  reducing  tp 
furthermore  means  that  the  film  deposited  may  not  be  totally  consumed,  it  may' 
be  expected  that  for  short  tp  the  peak  current  recorded,  which  is  proportional 
to  the  quantity  of  (Az  -  Hg)  deposited  on  the  electrode,  will  be  greater  than 
in  techniques  in  which  peak  current  is  related  to  the  diffusion  of  A. 

RESULTS  AND  DISCUSSION 

The  analytical  possibilities  of  the  technique  sketched  above  have  been  investi¬ 
gated  using  two  thiolic  compounds  of  biological  interest,  cysteine  and  penicill¬ 
amine.  At  low  concentrations  (S:5x10"5M)  in  0,06M  sodium  tetraborate  (pH  9.2), 
both  these  compouncfe  produce  anodic  waves  in  normal  pulse  polarography.  Reverse 
pulse  polarography  with  an  initial  voltage  Ei  corresponding  to  the  limiting 
current  of  the  n.p.  wave  yields  a  well-defined  peak  whose  potential  Ep  is  clos6 
to  the  anode  wave's  E$.  Varying  Ei  between  -0.1  and  -0.4  V  has  no  significant 
effect  upon  the  peak  current  ip, which  is  however  very  sensitive  to  changes 
between  1.0  and  9.9s  in  the  droptime  of  the  electrode,  td,  and  hence  to  ti .  For 
5x10“^M  penicillamine  the  graph  of  log  ip  against  log  ti  is  a  straight  line  of 
gradient  1.17,  which  by  equ. (2)  confirms  that  ip  is  proportional  to  the  quantity 
of  mercury  compound  deposited  on  the  electrode.  Similarly,  ip  is  also  very  sen¬ 
sitive  to  varying  tp  between  10  and  8Qns,  exhibiting  an  exponential  rise  as  tp 
is  decreased,  so  that  the  values  of  ip  for  tp  =  2Cms  and  tp  =  8Qns  are  approxima¬ 
tely  60%  and  20%  respectively  of  its  value  for  tp  =  ICms. 

Under  optimal  instrumental  conditions  (td  =  9.9s;  tp  =  ICms),  reverse 
normal  pulse  polarography  (r.p.p.)  proves  to  be  a  better  analytical  tool  for  the 
determination  of  the  compounds  used  than  either  normal  pulse  polarography  (n.p.p.) 
or  differential  pulse  polarography  (d.p.p.).  With  respect  to  n.p.p.,  for  5x1CH>M 
penicillamine  ip(r.p.p. ) /ip(n.p.p. )  Ct  5,  with  r.p.p.  offering  the  additional 
advantage  of  providing  peaked  curves  instead  of  waves.  With  respect  to  d.p.p., 
ip(r.p.p.)/ip(d.p.p.) ~  8  for  the  same  instrumental  sensitivity  even  though  the 
peak  d.p.p.  currents  are  multiplied  by  a  factor  of  10,  and  the  r.p.p.  peaks  are 
furthermore  better  defined,  with  half-peak  amplitudes  W$  of  55mV  in  r.p.p.  as 
against  135mV  in  d.p.p.  Finally,  in  r.p.p.  ip  is  proportional  to  the  concentration 
of  the  thiolic  compound  over  the  range  of  concentrations  tested  ( 2-10x1 O^M) ;  and 
in  the  presence  of  excess  Cu(II)  r.p.p.  allows  penicillamine  to  be  determined  in 
the  range  5x1Cr8- ix10-6m  by  using  the  peak  due  to  the  reduction  of  its  complex 
with  copper . 

REFERENCES 

1)  OSTERYOUNG  J.  and  KIROWA-EISNER  E. ,  Anal.  Chem. ,  52,  62  (1980). 

2)  OLDHAM  K.B.  and  PARRY  E.P.,  Anal.  Chem,,  42,  229  (1970) 

3)  MAIZOTA  P.  and  JCHNSCN  D.C. ,  Anal.  Chim.  Acta,  1_18,  233  (1980). 

4)  WANG  J.  and  DEWALD  H.D.,  Talanta,  29,  901  (1982) 

5)  K0RYTA  J.,  Collect.  Czech.  Chem.  Carmun.,  _1_8,  206  (1953). 


10062 


6)  FLANAGAN  J.B.,  TAKAHASHI  K.  and  ANSCN  F.C. ,  J.  Electroanal. 
(1977). 

7)  LCVRIC  M. ,  J.  Electroanal.  Chen.,  170,  143  (1984). 


10070 


PHASE  SELECTIVE  ALTERNATING  CURRENT 
POLAROGRAPHIC  BEHAVIOUR  OF  MESNA. ANALYTICAL  APPLICATIONS* 
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and  S.  ARRIBAS  JIMENO 
Department  of  Analytical  Chemistry 
University  of  Oviedo. Asturias. Spain 


Sodium  2-mercapto-ethanesulfonate  (mesna)  is  a  molecule  which  has  a  proved 
ability  to  bind  and  detoxify  the  urotoxic  metabolites  of  oxazaphosphorine  / 
cytostatics! <2.  Frequently .actual  dosage  formulations  of  mesna  in  pharmaceu¬ 
tical  preparations  are  suministered  to  patients  under  oxazaphosphorine  cytos 
tatic  treatments. 

The  absence  of  specific  analytical  methods  for  mesna  prompted  us  to  look  / 
for  and  carry  out  electroanalytical  methods  for  its  determination.  Further  / 
improvements  of  the  investigation  of  mesna  pharmacokinetics  by  polarographic 
methods  are  to  be  expected. 

EXPERIMENTAL 

DC,  AC,  and  DPP  signals  for  mesna  were  recorded  by  using  a  Metrohm  Polare- 
cord  E506  in  conjunction  with  an  E506  polarography  stand  equipped  with  a  me¬ 
chanical  droptimer. Mesna  was  kindly  facilitated  by  Asta  Werke  Labs.  (W.G.) 

RESULTS  AND  DISCUSSION 

As  previously  reported3,  mesna  suffers  a  complex  oxidation  process  on  DME 
uhich  can  be  used  for  analytical  purposes. The  nature  of  the  process  is  -  -/ 
letter  observed  if  a  DPP  or  AC  signal  is  recorded.  All  criteria  of  reversi¬ 
bility  checked  by  using  DC, AC  and  DPP  techniques  show  the  process  to  be  re¬ 
versible.  The  electrochemical  reaction  proposed  is  : 

NaSO^-CH  -CH  -S 

2  HS-CHj-CHg-SOaNa  - >  <i|+2e~  +  2H+ 

NaS03-CH2-CH2-S 

which  is  in  agreement  with  the  number  of  electrons  coulometrically  analyzed 
or  deduced  by  the  Tomes  plot  on  the  DC  wave**.  This  fact  was  also  examined  by 
addition  of  dimesna  to  the  electrolytic  cell  and  recording  DC  polarogram.  At 
pH  6  the  catho-anodic  wave  observed  seems  to  be  reversible  with  a  E, /5  value 
of  -0.360  V  (vs  SCE).  ' 1 

The  electrode  mechanism  is  seriously  influenced  both  by  the  concentration 
of  mesna  or  by  the  pH  medium.  In  fact  when  the  mesna  concentration  changes, 
one  or  two  peaks  can  be  observed  if  a  DPP  signal  is  recorded.  Figure  1  shows 
the  dependence  of  the  current  observed  for  both  peaks  on  the  mesna  concentra 
tion.  This  means  that  an  adsorption  step  (1st  peak)  may  become  more  or  less' 
meaningfull  depending  on  mesna  concentration. 

The  influence  of  the  pH  is  greater  in  the  case  of  the  AC  signal  than  in  / 
the  case  of  the  DPP  signal  as  is  shown  in  figure  2.  From  the  E jy2  versus  pH 
clots,  a  polarographic  pK  value  of  9.2  is  obtained. 

•Tms  work  was  funded  by  the  Spanish  Commission  for  Research  and  Technolo¬ 
gy  (  CAICYT  ).  Project  No.  1182/81 
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DC  responses  are  not  useful  for  analytical  purposes  because  wave  distor- 
sion  is  always  found. The  best  medium  for  DPP  calibration  of  aqueous  solu-/ 
tions  of  mesna  is  HC104  0.1  M.In  this  medium  linear  calibration  graphs  be¬ 
tween  4  X  10-7  M  and  8  X  10~5  M  are  obtained.  Greater  sensibility  is  found 
when  AC  signals  are  used  for  analytical  purposes.  In  fact  calibration  plots 
are  found  covering  three  exponetial  order  of  magnitude  (from  10-7  to  10-4  m). 

Urine  samples 

Mesna  can  be  analized  in  urine  by  usinga  very  simple  method.  The  sample  -/ 
is  defrosted  ,  centrifugated  and  mixed  with  Ac/AcH  buffer  (pH  5)  in  the  pro¬ 
portion  1:1.  After  that  the  DPP  or  AC  signal  is  recorder .Either  calibra¬ 
tion  or  standard  addition  method  may  be  followed. 

In  a  urine  pool  comprising  a  mixture  of  at  least  40  individual  samples  -/ 
the  detection  limit  found  for  AC  is  less  than  10~7  M  and  linear  calibration 
graphs  close  to  three  exponetial  order  of  magnitude  were  found. Although  AC 
blank  signal  is  not  so  clean  as  DP  one's  is. 


Figure  2 
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INTRODUCTION. - 

The  anticancer  drug  Methotrexate  yields  anodic  processes  at 
glassy  carbon  electrodes , useful  for  amperometric  measurements  in  flowing 
systems. A  carefully  selection  of  mobile  phase  composition  and  pH  can  over¬ 
come  problems  arising  from  large  possitive  applied  potentials  and  electro¬ 
de  fouling  by  electrochemical  reaction  products. 

EXPERIMENTAL. - 

Anodic  behaviour  of  MTX  at  glassy  carbon  electrode  was  exami¬ 
ned  by  cyclic  voltametry  in  aqueous  (Britton  Robinson  buffer  )  and  aqueous- 
methanolic  (Phosphate  buffer  )  media. A  wall-jet  je  cell  was  used  as  ampe¬ 
rometric  detector. Reverse  phase  chromatography  (  u  column  )  with  isocra- 
tic  elution  provides  MTX  separation  from  naturally  occurring  serum  compo¬ 
nents. 


RESULTS  AND  DISCUSSION. - 

Cyclic  voltammetric  curves  show  an  anodic  peak  in  the  pH  ran¬ 
ge  1-10  at  slow  scan  rates. No  cathodic  peaks  corresponding  to  this  process 
were  observed  on  the  available  potential  range  at  scan  rates  up  to  500  mVsT 
Dependences  of  peak  potential  and  peak  current  with  pH  are  shown  in  Figurel. 

Severe  electrode  fouling  caused  by 


reaction  product  adsorption  was  in¬ 
dicated  by  decrease  of  both  peak 
current  and  n<x  values  with  suces- 
sive  scans. Electrode  activation  by 
polishing  with  Alox  powder  and  in- 
mersion  in  pure  methanol  yields  an 
acceptable  reproductibility  of  CV 
curves . 

As  expected  addition  of  increa¬ 
sing  amounts  of  organic  solvent  to 
background  electrolyte  reduces  elec¬ 
trode  fouling  problems. In  pH=3,0 
phosphate  buffer,  a  25  %  v/v  of  ad¬ 
ded  methanol  allows  self-cleaning 
of  electrode  surface  if  solution  is 
stirred  for  3  minutes  between  su- 
cessive  scans,  yielding  excellent 
reproductibility  of  C.V.  curves. 

In  this  background  electrolyte,  be- 
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haviour  of  anodic  peak  (  E  =  ♦  1,01  V  vs.  Ag/AgCl/sat.KCl  at  20  mVs~  , 
n*  =0,8  )  indicates  an  irrlversible, diffusion-controlled  process. 

MTX  is  strongly  retained  in  C  _  columns. Retention  time  increases  as 
mobile  phase  pH  decreases. So, more  acidic  mobile  phase  allows  the  use  of  hi¬ 
gher  contents  of  organic  sol vent, permi ting  k*  values  to  remain  adequate  in 
order  to  chromatographic  separation. Oxidation  of  background  electrolyte  oc¬ 
curs  at  more  possitive  potentials  as  pH  decreases, whereas  MTX  peak  potential 
and  peak  current  remain  almost  constant  in  the  pH  range  3,5  -  10  .Accordin¬ 
gly  the  use  of  a  mobile  phase  with  pH  close  to  3,5  enables  the  application 
of  more  possitive  potentials, as  well  as  a  higher  content  of  organic  solvent, 
the  latter  enhancing  the  electrode  self  cleaning  effect. 

Experimental  results  indicates  that  in  0,025  M  phosphate  buffer  pH=3,C 
containing  28  %  methanol .working  electrode  activity  remains  constant  for  mo¬ 
re  than  40  hours  of  continuous  operation  under  an  applied  potential  of 
+  1,15  V  (  Ag/AgCl/sat  KC1  ). Conversely  at  pH=5  and  20  %  methanol, applied 
potentials  higher  than  1,00  V  origines  a  rapid  decrease  in  peak  heigth  for 
sucessive  inyections  of  fixed  amounts  of  MTX. 

Obviously , final  selection  of  mobile  phase  composition  and  pH  must  be 
a  compromise  between  separation  and  detection  requirements. A  good  separation 
of  MTX  from  matrix  components  was  obtained  with  0,025  M  phosphate  buffer 
pH=3,0  containing  25  %  of  methanol, at  a  flow  rate  of  0,8  ml  min'  and  30*C, 
and  detecticr  at  +  1,10  V.A  calibration  plof  obtained  in  this  conditions  waa 
linear  between  0,45  and  226  ng  of  MTX  inyected. Detection  limit  for  MTX  assay 
in  human  serum  was  found  to  be  5xl0~°M. 
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« 

Prevention  of  toxic  side  effects  in  high-dose  Methotrexate  (MTX)  therapy 
of  a  widw  variety  of  tumors  requires  drug  monitorizatioa  of  serum  concentra 
tion  at  submicromolar  level.  Present  paper  examines  the  performance  of  AC 
polarographic  methods  applied  to  resolve  this  problem. 

EXPERIMENTAL 

AC  polarography  was  carried  out  by  using  a  Metrohm  E-506  polarograph  ope¬ 
rating  at  fixed  frequency  (  75  Hz  ).  MTX  electroreduction  was  examined  also 
in  DC  and  DP  polarography  and  cyclic  voltammetry  at  HMDE. 

RESULTS  AND  DISCUSSION 

MTX  originates  up  to  three  reduction  processes  at  DME,  the  first  of  them 
being  a  two  electron  reduction  with  an  EC  mechanisml.  This  process  gives  ri¬ 
se  to  an  AC  polarographic  peak  whose  potential  as  a  pH  function  is  expressed 
by  the  following  equations  (  potentials  measured  vs.  SCE  ), 

(1)  e  =  -0.211  -  0.070  pH  1  pH  3.4 

(2)  el  =  -0.259  -  0.056  pH  3.4  pH  7.5 

(3)  e^  =  -0.162  -  0.069  pH  7.5  pH  12 

AC  peak  potential  values  show  great  coincidence  with  DC  half  wave  potentials 
on  the  whole  pH  range. 

DC  polarograms  at  the  concentration  level  of  5  X  10“^  M  in  MTX  exhibit  a 
prewave  at  pH  higher  than  3.1  which  gradually  disappears  with  increasing  pH, 
becoming  unappreciable  at  pH  6.  At  pH  7  a  postwave  starts  to  develop. Its  -/ 
height  increases  and  its  halfwave  potentials  shifts  to  more  positive  values 
with  increasing  pH.  These  results,  indicating  reactant  and  product  adsorp¬ 
tion,  were  confirmed  by  cyclic  voltammetric  experiments.  At  MTX  concentra¬ 
tions  lower  than  5  X  10-6  m  CV  curves  shape  is  completely  simmetrical .appea¬ 
ring  both  anodic  and  cathodic  peaks  at  the  same  potential.  Ratio  of  anodic 
to  cathodic  peak  current  is  close  to  1,  and  the  current  of  both  peaks  in¬ 
creases  linearly  with  electrode-solution  contact  time. 

pH  range  2.2-  3.5  was  found  to  be  suitable  for  analytical  purposes  in  AC 
polarography .Peak  currents  reach  their  maximum  value  in  this  range.  At  pH 
3.5  (  ep  =  -0.460  V  )  and  5  X  10-6  M  in  MTX  ,  peak  width  at  its  half  height 
is  65  mV  (  90/n  for  a  reversible  process  ).Plot  of  ip  versus  drop  time  power 
to  7/6  is  linear  with  an  intercept  near  0.  ep  being  independent  of  drop  ti¬ 
me.  Linear  dependences  of  ip  upon  h-1/2,  MTX  concentration  and  e  were  also 
established.  These  results  are  in  agreement  with  theoretical  predictions^  / 
for  a  quasi  reversible  charge  transfer  coupled  with  both  reactant  and  pro¬ 
duct  adsorption  under  Langmuir  isotherm  conditions. 

Calibration  plot  of  i_  vs.  bulk  MTX  concentration  presents  a  linear  dina- 
mic  range  from  1.00  X  10-8  m  to  1.05  X  10~5  M  (  r=  0.999  ).  Measurements  / 
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were  made  in  the  sampled  current  mode  with  ar.  amplitude  modulation  of  30  mV 
and  a  drop  time  of  0.8  s.  These  conditions  were  found  to  be  suitable  for  -/ 
analytical  determination  of  MTX  in  human  serum. Due  to  strong  interferences 
caused  by  serum  proteins,  a  sample  clean-up  procedure  must  be  used.  MTX  ex¬ 
traction  from  serum  samples  with  reversed  -phase  C^g  cartridges  (Sep-Pak, 
Waters),  after  protein  precipitation  with  HC104  ,  yields  a  mean  recovery  - 
value  of  42  %.  Addition  of  known  amounts  of  MTX  to  a  solution  containing  / 
the  extract  of  2  ml  of  human  pooled  serum  dissolved  in  6  ml  of  Britton- 
Robinson  buffer  (pH  2.2),  yields  a  linear  calibration  plot.  The  detection 
limit  found  was  of  27  ng  of  MTX.  Standard  additions  method  is  recommended 
for  MTX  quantitation  in  serum  samples. 

A  comparison  of  AC  abd  DP  polarograms  of  serum  blanks  and  samples  shows 
that  AC  method  produces  cleaner  blanks  and  superior  sensitivity.  In  fact  / 
sensitivity  of  AC  measurement  is  essentially  limited  by  capacitive  current, 
whereas  DP  polarograms  show  interferences  from  matrix  components  undergoing 
reduction  processes  at  potentials  close  to  that  of  MTX  peak. 
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S-adenosil  methionine  is  a  molecule  of  great  biological  importance.lt  was 
first  formulated  in  1952  by  G.L.Cantonil  and  the  ordinary  and  natural  via  of 
synthesis  consists  in  the  combination  of  methionine  and  ATP-derived  adenosin. 

The  biological  importance  of  S-adenosil  methionine  (SAMe)  is  attributed  to 
the  fact  that  it  participates  actively  in  innumerable  biological  processes/ 
that  take  place  via  transmetilation.This  unique  fact  explains  the  great  cli¬ 
nical  and  biochemical  interest  in  pharmaceuticals  containing  SAMe  in  a  wide 
spectrum  of  therapeutical  uses  ranging  from  liver  diseases  to  mental  disor¬ 
ders.  « 

According  to  R.T.Borchardt  .SAMe  suffers  a  strong  hydrolisis  reaction  in/ 
strong  alkaline  media  (  0H_>0.05  M  )  with  the  production  of  adenine  and  pen- 
tosilmethionine  exclusively  whereas  if  a  weaker  alkaline  medium  is  used,  the 
re  is  a  further  and  competitive  hydrolisis  reaction  which  leads  to  the  for¬ 
mation  of  homocysteine  lactone  and  methyl thioadenosine. 

EXPERIMENTAL  3 

As  mentioned  in  a  previous  study  ,  SAMe  originates  anodic  and  cathodic  / 
processes  in  a  stationary  mercury  electrode  which  are  strongly  influenced  by 
the  pH  of  the  medium;  these  processes  have  been  studied  by  means  of  cvclic/ 
voltammetric  techniques. 

Both  cyclic  voltammetry  and  and  cathodic  stripping  voltammetry  were  used/ 
to  study  the  evolution  of  SAMe  hy¬ 
drolisis  reactions  ;  the  formation 
of  the  cathodic  peak  was  observed 
in  both  cases. 

RESULTS  AND  DISCUSSIONS 

From  pH  up  to  a  concentration  of 
NaOH  0.1  M,  SAMe  originates  catho¬ 
dic  stripping  processes  which  cle¬ 
arly  show  the  evolution  of  the  SA¬ 
Me  solution  as  a  function  of  time. 

The  fact  that  these  processes  are 
not  seen  at  smaller  pH  values  — / 
shows  that  the  hydrolisis  either/ 
does  not  take  place  or  that  the  / 
kinetics  is  extremely  slow. Finally , 
it  is  possible  that  the  hydrolisis 

of  SAMe  under  stronger  alkaline  /  I®  10  30  40 

conditions  originates  products  in-  t.  («"**) 
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capable  of  experimenting  cathodic  strip- 
oing. 

In  a  Britton-Robinson  pH  12  buffer, the 
stripping  peak  reamains  stabilized  three 
and  a  half  hours  after  the  initial  solu¬ 
tion  preparation. In  NaOH  0.01  M,the  SAMe 
solution  evolves  at  a  faster  rate  and  / 
peak  stabilization  takes  place  after  25 
minutes. (Figure  l).This  study  was  carried 
out  on  a  10-8  m  solution  of  SAMe  and  if 
this  concentration  is  submitted  to  a  cy¬ 
clic  scan  at  a  rate  of  20  mV  s-I  the  vol^ 
tagram  shown  in  Figure  2  is  obtained. As 
shown  in  the  figure, cathodic  and  anodic 
peaks  appear  when  the  potentials  are  -/ 
close  to  -0.2  V.The  time  needed  for  sta- 
biling  the  solution  is  reduced  when  the 
concentrations  of  NaOH  exceed  0.01  M  ; 
a  concentration  of  0.05  M  or  higher  -  / 
causes  the  peak  current  to  be  stabilized 
instantaneously . 

ANALYTICAL  APPLICATIONS 
The  cathodic  stripping  peak  can  be  -/ 
used  for  analytical  purposes  and  sensi¬ 
tivity  may  be  improved  by  pulse  scanning. 

In  aqueous  solutions  of  SAMe,  a  depo¬ 
sition  time  of  1  minute  at  a  potential  - 
of  -0.02  V  and  a  pulse  amplitude  of  25 
mV  originate  a  detection  limit  of  10-®  M. 
it  the  same  time, linear  calibrations  -/ 
from  10-8  to  7.0  X  10-7  m  for  SAMe  con¬ 
centrations  are  found. 

The  method  can  also  be  used  for  the  de 
termination  of  SAMe  in  serum  provided  / 
that  the  sample  is  previously  cleaned  by 
passing  it  through  a  Sep-Pak  Clg  cartridge  with  a  H3P04/NH3  pH  8  buffer  and 
eluting  with  0.025  M.  7 

Recovery  is  found  to  be  60.5  %  with  a  detection  limit  of  10~  M  and  linear 
calibrations  may  be  obtained  from  10-7  to  2.5  X  10-8  M. 
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Pulse  voltammetry  comprizes  a  suite  of  techniques  based  on  current- 
sampled  chronoamperometry ,  the  most  important  of  which  are  normal  pulse, 
differencial  pulse,  staircase,  and  square  wave  voltammetry.  These  techniques 
are  described  in  Figure  1. 1  These  techniques  provide  many  possibilities  for 
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analytical  and  mechanistic  studies  of  biologically  interesting  molecules. 

The  examples  described  here  include  mechanistic  and  analytical  studies  of  an 
antibacterial  agent,  l,2-dibromo-2,4-dicyanobutane  (DBDCB),2  of  reduced 
nicotinamide  adenine  dinucleotide  (NADH)  and  related  compounds3’4  and  of  a 
proposed  Intracellular  intermediate  in  nitrate- induced  vasodilatation, 

N-acetyl  penicillamine  thionitrite  (RSNO) . 5  These  examples  illustrate  a 
range  of  mechanisms,  compound  types,  techniques,  and  electrodes. 

The  Compound  DBDCB.2  In  general  organic  halides  undergo  irrversible 
cathodic  reduction  with  formation  of  halide  ions  and  organic  product  on 
products.  Vicinal  dihalides  usually  loose  halides  in  a  single  two-electron 
step  which  yields  an  olefin.  Because  the  cyanide  group  is  strongly  electron- 
withdrawing,  halogenated  alkyl  nitriles  are  reduced  at  more  positive  potentials 
than  corresponding  alkyl  halides.  It  is  widely  observed  that  mercury  elec¬ 
trodes  participate  chemically  in  the  reduction  process.  Cyclic  staircase 
voltammetry  (Figure  2)  shows  the  strong  catalytic  effect  of  the  mercury 
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Figur*  l.  Cyclic  voltamtry  o«  ogOCB  an  glassy  carkea  alactroaa  (CCt)  and 
ea  hanging  aancury  dragging  alaetrada  OdOC)  In  acatanttrl la). 

TH«  cal ut Ian  cat  0.5  «•  In  MOCS  and  0.1  »  In  It*.  The  cccn  rata 
vac  0.65  V  »*'. 

electrode  on  the  first  reduction  process  which  corresponds  to  the  reaction 
CN 

H,C  -  C  -  CH-CH  CN  +  2e~  -  C,N.H.  +  2Br“  (1) 

2|  |  i  2  bib 

Br  Br 

in  which  is  most  probably  2, 4-dicyano- 1-butene.  The  solubility  of 

DBDCB  in  water  was  determined  by  reverse  pulse  polarography6  as  0.16j<).01Z. 

The  compound  NADH. 3  The  compound  NADH  can  be  converted  to  and  held  for 
a  period  of  hours  in  its  hydrated  form  which  results  from  adding  water  across 
the  5,6-double  bond  of  the  nicotinamide  ring.  This  compound  adsorbs  on 
mercury  surfaces  under  diffusion-control  and  gives  rise  to  a  cathodic  stripping 
current  proportional  to  concentration  in  solution.  The  technique  of  choice 
for  determination  is  square  wave  voltammetry,  although  staircase  voltammetry 
can  be  used  as  well.  The  detection  limit  is  less  than  7  nM,  and  the  range  of 
linear  response  covers  2-3  orders  of  magnitude  change  in  concentration  of  NADH. 
Nicotinamide  adenine  dinculeotide  (NAD+-)  and  related  compounds  exhibit  very 
similar  electrochemical  response,  which  is  due  to  a  4H+-4e-  totally  irreversible 
reduction  of  the  adsorbed  adenine  moiety.1* 

The  Compound  RSNO. 5  Thionitrltes  are  proposed  intracellular  intermediates 
in  organic  nitrate- induced  mammalian  vasodilatation.  Although  these  inter¬ 
mediates  have  been  demonstrated  indirectly  no  sensitive  quantitative  methods 
for  direct  determination  have  been  developed  previously.  On  mercury  elec¬ 
trodes  a  reversible  pH-dependent  wave  appears  which  is  the  same  as  that  for 
the  parent  penicillamine  and  probably  corresponds  to  the  reaction 

RSNO  +  Hg  +  H20  -  RSHg  +  HONO  +  H+  +  e"  (2) 

An  irreversible  wave  appears  at  more  negative  potentials  at  both  mercury  and 
glassy  carbon  electrodes  which  appears  to  be  due  to  the  reaction 

RSNO  +  H+  +  e“  -*  RSH  +  NO  (3) 
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This  reaction  can  be  used  for  analytical  purposes  employing  square  wave 
voltammetry  as  shown  in  Figure  3  with  resulting  detection  limits  ca  40  pM  and 
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linear  range  up  to  1.5  mM. 
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A  polarographic  study  of  2-mercaptoethanol  (RSH)  and  its 
Cd( II )-complexes  at  different  pH  and  RSH  concentrations  by 
DC,  DP,  AC  ^  and  AC 2  polarography  is  described.  A  compara¬ 
tive  study  by  cyclic  voltammetry  at  HMDE  has  been  made. 

In  the  electrocapillary  curves  of  Hg  in  Cd(II)-ion  solutions 
an  important  deformation  appears  at  more  positive  potentials 
than  -0.7  v,  depending  on  the  pH,  when  RSH  is  present  in  the 
solution  (Fig.  1).  These  deformed  curves  are  very  similar 
to  these  obtained  in  Cd(II)-free  RSH  solutions. 


=  E/v 


rig.  Electrocapillary  curves  of  Hg  in  a  solution  of 

8  1C  D  mole  dm  “  Cd(II),  6.5  10-^  mole  dm-^  RSH,  0.5  mole  dm" 
N'aC104  at  different  pH.  Continuous  line:  Cd  ( II ) -NaC104 
solution . 
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As  a  consequence,  if  the  morphology  of  the  Cd(II)-ion 
reduction  polarograms  is  greatly  affected  by  the  presence 
of  RSH,  especially  by  AC  techniques.  Lack  of  reversibility 
is  shown  by  the  fact  that  the  potential  shifts  produced  in 
the  polarograms  by  the  addition  of  RSH  into  the  Cd(Il) 
solutions  are  dependent  on  the  employed  technique  (1).  The 
reduction  of  Cd(II)  ion  in  the  presence  of  RSH  is  not 
diffusion-controlled,  as  the  dependence  of  i^  vs  t  dr0p 

shows . 

Cyclic  voltammograms  of  Cd(II)-ion  reduction  in  the  presence 
of  RSH  do  not  meet  the  usual  criteria  of  reversibility  (2). 
The  reversibility  deviation  is  also  shown  by  the  morphology 
of  the  voltammograms.  The  potential  shifts  produced  by  the 
addition  of  RSH  in  Cd(II)-ion  solutions,  as  measured  by 
cyclic  voltammetry,  are  always  higher  than  those  measured 
by  polarography  at  the  same  experimental  conditions. 


Fig.  2.-  Cyclic  voltammograms  of  RSH  and  Cd(II)-RSH.  1  10~4 
mole  dm  3  Cd(II)  and  6,5  10-4  mole  dm-3  RSH.  pH  6,5. 
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The  anodic  scan  of  RSH  shows  two  polarographic  waves:  an 
adsorption  pre-wave  at  -0.55  v  and  a  diffusion  wave  at 
-0.3  v,  due  to  mercury  oxidation  with  mercaptide  formation 
(3).  A  cyclic  voltammetric  scan  shows  a  wave  at  -0.21  v, 
and  another  one  at  -0.51  v  (these  potential  values  are  the 
cathodic  peak  potentials).  The  second  one  shows  overlaped 
peak  at  -0.59  v.  Neither  diffusion  nor  reversible  criteria 
are  verified.  It  is  abserved  an  influence  of  the  pH  on  the 
waves.  If  Cd(II)  ion  is  present  the  morphology  of  RSH 
vol tammograms  changes  as  Fig.  2  shows.  It  is  observed  a 
shift  from  the  -0.21  v  wave  to  -0.31  v.  The  value  of 
Ecat-Ean  changes  from  100  mv  to  20  mv,  as  the  figure,  shows . 
Studies  of  cathodic  peak  current  and  peak  potential  vs 
scan  rate  at  different  pH  and  RSH  concentrations  are  also 
described. 

Mercury  mercaptide  formation  on  the  electrode  allowed 
co  develops  CSV-method  for  RSH  determination  (4). 
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POLAROGRAPHIC  STUDY  OF  THE  ANODIC  OXIDATION  OF  MERCURY  IN  THE 
PRESENCE  OF  THIOETHER  CARBOXYLIC  ACIDS. 

E.  Casassas  ,  M.  Esteban  and  C.  Arlfio 

Depart.  Qulmica  Analitica,  Fac.  Qulmica,  Univ.  Barcelona. 
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The  anodic  oxidation  of  mercury  in  the  presence  of 
mercapto  compounds  and  ligands  that  contain  mercapto  and 
carboxylic  groups  has  been  largely  studied.  On  _*y, 
the  study  in  the  presence  of  thioether  compounds  has  been 
very  limited  (1,  2). 

The  thioether  carboxylic  acids  studied  in  this  work  have 
been:  methylthioacetic  ,  CH3  -S-CH2  -COOH  (mta) ;  2 , 2 ' -thiobis- 
acetic,  S(CH  2  -COOH) 2  (tba);  3 , 3 ' -thiobispropanoic ,  (tbp) 
S(CH  2 -CH  2 -COOH) 2  ;  2,2'-  [ 1 , 1-methandiylbis ( thio)]  bisacetic, 
H  2C(S-CH2  -C00H)2  (mdbt)  and  2 , 2 ' -  [ 1 , 2-ethandiylbis( thio$ 
bisacetic,  (H2C-S-CH2-C00H) 2  (edbt). 

A  systematic  study  of  the  influence  of  general  and  instru¬ 
mental  parameters  in  the  anodic  oxidation  of  mercury  in  the 
presence  of  these  thioether  carboxylic  acids  has  been  made  by 
DC(rapid),  DP,  AC  ^  and  AC  2  polarography ,  cyclic  voltammetry 
and  coulometric  measurements  at  constant  potential. 

The  electrocapillary  curves  show  the  very  small  tendency 
of  thioether  group  towards  adsorption  in  DME ,  in  accordance 
with  the  expected  results  (3). 

Poorly  developed,  for  mta,  and  better  developed,  for  tba 
and  tbp,  anodic  DC  waves  are  obtained.  At  pH>3  the  DC  curves 
show  two  anodic  waves,  the  second  one  being  a  current  spike 
typical  of  the  change  in  the  electrode  surface  covering  (4). 

The  DP  and  AC  polarographic  curves  show  two  anodic  peaks, 
in  the  pH  range  2-11,  for  mdbt,  and  one  anodic  peak,  in  the 
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pH  range  2-7,  for  edbt. 

The  dependence  of  E ,,  and  E  vs  pH  shows  a  behaviour  depen- 

h  P 

ding  on  the  pH  range  with  respect  pK  values.  Table  1  shows 
the  mean  slope  values  observed  in  each  case  by  four  polaro- 
graphic  techniques. 

*  •’  *«•"  »lop«  valuta  at  tft.  d.p.nd.ne.*  at  and  I 
va  pH  by  four  pol.rotr.pnle  tactvnlquaa.  ' 


Compound 

PH  <  pKj 

pKj  <  PH<  pKj 

PH  >  pK. 

■tft 

59 

0.5  (at  pH 

tba 

120 

60 

0.75 

tbp 

120 

60 

0.75 

■dbt 

60 

30 

0.50 

•dbt 

S9 

30 

0.50 

In  each  case ,  E  ,,  and  E  of  the  main  wave  and  peak  shows  a 
h  P 

linear  variation  with  the  logarithm  of  concentration  with  a 
slope  value  of  ca.  30  mV,  except  for  mta  at  concentrations 
lower  than  0.5  mM  and  pH<3  that  is  independent  of  concentration. 
Relationships  of  I  or  Id  vs  concentration  are  linear  in  each 
case.  For  mta  two  kinds  of  linearity  occurs,  the  first  one  at 
low  concentrations  with  slope  value  double  of  the  corresponding 
at  high  concentrations.  For  mta,  tba  and  tbp  the  plots  of  E 
vs  log  [(Id-I)2/l]  are  straight  lines  with  slope  values  of  ca. 

29  mV.  The  main  waves  are  diffusion-controlled. 

The  study  of  mdbt  and  edbt  shows  analogous  results  and 
similar  kind  of  behaviour. 

The  coulometric  oxidation  of  mercury  at  constant  potential 
in  the  presence  of  the  thioethers  shows  the  transfer  of  one 
(mta  and  edbt)  and  two  (the  rest)  electrons  per  molecule. 

During  each  coulometic  experiment  the  formation  of  an 
insoluble  brown  compound  which  quickly  turns  black  is  observed. 
Elemental  analysis  shows  that  these  compounds  are  not  pure, 
and  that  their  composition  varies  with  time.  These  facts  show 
that  in  the  coulometric  processes  Hg(I)  compounds  are  formed 
which  undergoes  disproportionation.  IP  spectra  show  the 
carboxylate  bidentate  coordination  and  the  Hg-S  bands. 

Typical  cyclic  voltammograms  of  thioethers  are  similar  to 
the  shown  in  Fig  1.  The  main  anodic  peak  has  the  characteris¬ 
tics  of  diffusion-controlled  process.  The  AEp  values  increase 


-**<i -40- <*«n  ■^«,i^WyWv  wv>vvV'* Sk«fc^wv*lL.>v Ju ♦  v .»•*.  «w»« 
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with  increasing  scan  rates,  as  corresponds  to  a  not  fully 
reversible  process. 


«l  ««  -M  41  41  •  V  M  U  M  U  U  Ml 


tv 

_2 

Fig  1  :  Cyclic  voltammogram  of  a  1.294  10  M  mta  solution. 

The  results  are  coherent  with  the  following  overall  processes 

a)  For  mta,  the  1:2  HgI-mta  complex  formation  which  undergoes 

disproportionation  to  the  Hg11-  complex;  fc)  For  tba  and  tbp, 

the  1:2  Hg1-!,  complex  formation  which  undergoes  to  the  stable 

HgL 0  complex  (5).  In  the  coulometric  conditions  the  HgL.8H«0 
4  II  ^ 

formation  is  very  probably  (5);  c)  For  mdbt,  the  1:1  Hg  -mdbt 

2- 

complex  formation;  d)  For  edbt,  the  HgZ2  complex  formation, 
in  accordance  with  the  results  of  Suznjevic  et  al .  (1). 
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POLAROGRAPHIC  DETERMINATION  OF  TITANIUM  AT  TRACE  LEVEL 
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Department  of  Analytical  Chemistry,  Faculty  of  Sciences, 
Valladolid,  Spain 


The  titanium(lV)  can  be  determined  at  trace  level  by  using  a 
combination  of  two  reactions,  the  first  being  an  amplification 
one  between  titanium(lV)  and  1 2-molybdophosphoric  acid  (12-MoPA) 
to  give  a  ternary  he teropolymolibdic  acid  with  a  1 1 1 1  *  1 
stoichiometry,  i.e.  1 1 -molybdophosphotitanic  acid  ( 1 1  -MoPTiA ) * » 

PMo12°403“  +  TiO2*  4  H20  ; - “  PTlMo^O^5-  +  HMoO-j*  4-  3  H+  (l) 

This  reaction  is  combined  with  a  polarographic  reduction  based 
on  the  catalytic  effect  produced  by  the  molybdenum(VI )  on  the 
reduction  of  the  hydrogen  peroxide,  according  to  the  mechanism 
proposed  by  Kolthoff  and  Parry2  s 

M0O42-  +  H202  MoO,2-  4-  2  H~  +■  2e~  ==*  MoO/2"  4  HoO  (2) 

t5  h2o? _ )4 

The  analytical  procedure  implies i  a)  the  formation  of  the 
11 -MoPTiA,  b)  elimination  of  the  excess  of  12-MoPA  by  extraction 
with  an  organic  solvent,  c)  extraction  of  11-MoPTiA,  d)  stripping 
of  the  11 -MoPTiA  to  aqueous  medium  and  e)  determination  of  the 
molybdenum( VT )  bonded  to  titanium(iv)  by  the  polarographic 
reaction.  The  11*1  amplification  provided  by  the  reaction  (l) 
and  the  high  sensitivity  of  (2),  permits  the  accure  determination 
of  titanium(iv)  in  the  ppb  range. 


Indicator  reaction 

A1 tough  the  polarographic  reductions  of  both,  hydrogen  peroxide 
or  molybdenum( VI )  does  not  have  analytical  applications,  when 
the  two  species  coexist  in  an  acid  solution,  a  catalytic  current 
is  obtained,  which  is  proportional  to  the  concentrations  of  both 
reagents.  In  the  adequate  conditions,  that  current  can  be  used  as 


a  basis  for  the  molybdenum( VI ) 
determination.  (Figure  1  shows 
the  obtained  polarograms) .  The 
optimal  conditions  for  the 
development  of  the  current  aret 
/H2S04/=0.2  M  and  /H202/=0.02  M. 
The  molybdenum( VI )  is  then 
determined  by  measuring  the 
height  of  the  wave  at  0.2  V 
(vs.  SCE),  in  the  concentration 
range  comprised  between 
5.0.10-7  and  1.2.10“5  M. 

The  presence  of  phosphate  and/ 
/or  titanium(iv)  does  not 
affect  neither  the  shape  nor 
the  height  of  the  polarograms. 


**»-»-•»■  »«*r*. 
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Amplification  reaction 

The  11-MoPTia  ia  produced  in  acid  media  from  titanium(lV)  and 
12-MoPA,  being  necessary  an  excess  of  the  last  to  form 
quantitatively  the  ternary.  Due  to  this  excess  and  also  to  the 
inepeoifity  of  the  indicator  reaotion,  which  detects  all  the 
molybdic  species  and  not  only  the  ternary  one,  it  is  necessary 
to  isolate  the  11-MoPTiA  before  to  carry  out  the  polarographic 
reaction,  as  was  outlined  previously.  Some  parameters  implied 
in  the  analytical  procedure  are  known  from  previous  works3»4, 

i.e.  the  corresponding  to  the  steps  b) ,  d)  and  0)^30  were 
fixed  at  their  optimum  values  (See  Table  l).  The  parameters 
corresponding  to  the  formation  and  extraction  of  the  11-MoPTiA 
(steps  a)  and  c)^  were  optimized  by  using  the  Super  Modified 
Simplex  method  (S.M.S)5.  This  method  permits  to  reach  the 
optimal  values  of  the  parameters  (amounts  of  12-MoPA  and 
perchloric  acid  in  the  a)  step,  and  the  amount  of  perohloric 
acid  of  the  c)  step)  with  a  smaller  number  of  experiments  than 
a  classical  parameter-to-parameter  approach.  The  optimal  values 
along  with  the  rest  of  the  procedure  are  given  in  Table  1. 


S  top 


11-MoPTiA  Formation 


12-MoPA  Elimination 


11-MoPTiA  Extraction 


Mo(VI)  Stripping 


Mo(Vl)  Determination 


Table  1 


Reagent 


Ethyl  acetate 


10  M  HCIO4 
MIBK 


1  M  NaOH 


4  M  H2SO4 
0 ,2  M  H202 


Amount 


0.55  ml 

1  .00  ml 

carry  to  25  ml 


two  25  ml-portion 


3.00  ml 
10  ml 


25  ml 


5.00  ml 

10.00  ml 

carry  to  100  ml 


By  using  the  proposed  procedure , titanium(lV)  can  bo  determined 
between  1.0.10-7  M  (4.79  pg/l)  and  1.4.10-6  m  (67. 06  pg/l).  The 
calculated  detection  limit  is  4.09  pg/l. 

The  effect  of  other  elements  which  can  also  give  heteromolybdic 
species  was  also  studied.  Their  maximum  molar  ratio  Elementi 
1 t i tanium( IV)  allowed  were*  Silicon  (300*1),  Arsenic  ( 200 1 1 ) , 
Germanium  (25*l)»  Thorium  (3*l)»  Vanadium  (0.3*1),  Zirconium 
(0.3*l).  Therefore  only  the  two  last  elements  produce  a  serious 
interference  and  must  be  previously  eliminated. 

The  method  has  been  applied  to  certified  aluminium  samples  with 
good  results. 
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determination  of  arsenic  and  germanium  by  means  of  an  indirect 

POLAROGRAPHIC  METHOD 

M.  BARAJAS,  E.  del  REAL,  R.  PARDO,  Y.  CASTRILLEJO,  E.  BARRADO 
and  P.  SANCHEZ  BATANERO 

Department  of  Analytical  Chemistry.  Valladolid.  (Spain) 


Arsenic,  Germanium,  Phosphorus  and  Silicon  react  with  Mo(Vl)  to 
form  binary  heteropolyacids.  The  two  later  have  been  determined 
using  this  reaction  and  detecting  the  Ho(Vl)  bonded  with  them  1  ,2. 
In  this  paper  a  similar  procedure  for  Ge(IV)  and  As(v)  is  proposed. 

The  Mo(Vl)  is  determined  by  measurement  of  the  hydrogen  peroxide 
catalytic  wave  in  the  presence  of  Mo(vi).  The  mechanism  of  this 
reaction  was  proposed  by  Kolthoff  and  Parry3,  and  in  the  optimal 
conditions1  ,  |H  S0^|  a  0.2  M  and J  H  O  J  a  0.02  M,  the  Mo(VI)  can 
be  determined  between  5.0.10“7M  and  1.2.10-5M.  By  combining  the 
amplification  12*1  provided  by  the  binary  heteropolyacid  formation 
with  this  sensible  signal,  arsenic  and  germanium  can  be  determined 
at  trace  level.  Moreover,  the  presence  of  As(V)  and  Ge(iv)  in  the 
measurement  medium  affect  neither  the  shape  nor  the  height  of  the 
polarograms. 


Amplification  reactions 


The  amplification  reactions  occur  according  to  , 

H-JAa04  +  12  HMoO*  +  15  H20  33  =  3=  3  =  33339  A  SM  O  j  +•  15  H^O* 

Ge02.H2O+12  HMo0  +  +  17  H2Q  33=3=3=3=3==  GeMo^oJ"  4-  16 


X=  Heteroatom(As,Ge) 


The  steps  involved  in  the 
procedure,  shown  in  Figure 
1,  are  s  a)  formation  of 
binary  heteropolyacids 
(MoAsA  and  MoGoa]  ,  b)  iso¬ 
lation  of  the  Mo(Vl)  excess 
necessary  for  a  quantitative 
formation,  by  means  of  ex¬ 
traction  with  an  organic 
solvent,  c)  washings  of  the 
organic  layer  and  e) 
stripping  of  the  hetero¬ 
polyacids  to  aqueous  medium. 

a)  Formation 

Figure  2  shows  the  yield 
of  the  heteropolyacids 
formation  versus  acid 
concentration.  The  adequate 
pH  is  obtained  with  0.1 5  M 
and  0.40  M  H2S0^  solutions, 


Fig.  1 
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- —i  respectively,  for  As  and  Ge.  The 

solution  contains  also  an  excess  of 
Mo(vi),  necessary  for  a  quantitative 
^  .  Fig.  2  reaction.  The  optimum  MoOg”  conoen- 

4  A  tration  is  2  ml  of  Zft  ammonium 

,3  /  \  paramolybdate  for  As  and  1ml  for  Ge, 

H  I  V  and  15  minutes  of  reaction  are  enough. 

/  \ — JjoGeA  Extraction 

/  -  Due  to  Mo(vi)  excess,  it  is  neoess&ry 

/ui  \  to  carry  out  a  selective  extraction 

I  (  MaAaA  \  of  1 2-MoAaA  and  12-MoGeA  with  an 

J  \.  organic  solvent,  since  the  indicator 

If  reaotion  will  detect  all  Mo(Vl) 

- * - ■  — — i  present  in  the  solution  and  not  only 

0.2  0.4  that  arising  from  heteropolyacids. 

H  SO. (M)  The  use  of  Esters,  selective  extrao- 

^  **  tants  of  phosphorus,  and  the  mixture 

diethylether-n-pentanol,  used  for  silicon,  were  rejected.  Intead, 
n-butanol  for  arsenic  and  methyl— isobuthylketone  (MIBK)  for  Ge 
happened  to  be  the  most  efficient. 


h2so4(m) 


c)  Washing 

H  SO,  was  used  to  wash  the  organic  layer.  The  pH  range  is  not 
critical  and  a  concentration  of  0.8  M  is  choosen.  Two  10-ml  portions 
are  enough  to  decrease  the  signal  of  the  blanks. 

c )S tipping 

The  heteropolyacids  were  stripped  out  to  an  aqueous  solution  with 
NaOH  according  to  t  „  _ 

H4AsMo1204o-+.  27  OH"  «»»«««  12  MoO?"+ AsOjj  +  15  H20 

H4GeMo1204o+ 25  OH"  ==========  1 2  MoO J  +  GeO (OH  )  "  +  1  3  H20 

The  pH  of  these  extracts  was  then  adjusted  to  about  k  with  sulphuric 
acid,  which  gives  the  correct  conditions  for  the  indicator  reaction. 


TABLE  1 
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Table  1  shows  the  optimal  valuss  of  all  variables  Involved  In  the 
experimental  procedure.  In  the  Table  2  we  present  the  parameters 
of  the  calibration  lines  whereas  Table  3  shows  the  Interfering 
action  proluced  by  some  elements  along  their  maximum  ratio 
element/ determinant  allowed. 

TABLE  2 

Parameters  of  calibration  lines 

As  Ge 

Interval  (M  )  1 .0. 10_7-1 .2. 10~6  1 .0 . 10~7-1 .0 . 10~6 


Intercept  (pA)  -0.09  0.23 

Slope(  jiAmol-1 1 )  0.895. 107  1.26.106 


R 

De tection 
(hS 

0.993 

limits  2.5 

1  ~T) 

0.999 

3.92  J 

TABLE  3 

Interference  of  some  elements 

Molar  ratio,  assuming  a 

mean  concentration 

of  determinand  of  5. 1°~ 

7  M 

Element 

Interf  ./As 

Interf./Ge 

P 

0.15/1 

1.25/1 

Si 

30/1 

2.5/1 

Ge 

0.4/1 

As 

- 

67/1 
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STUDY  OF  THE  ELECTROCHEMICAL  BEHAVIOUR  OF  MINERAL  SOLID 
SUBSTANCES  USING  A  HOME-MADE  CARBON  PASTE  ELECTRODE 

M.  EGUREN ;  M.L.  TASCON ;  M.D.  VAZQUEZ  and  P. SANCHEZ  BATANERO 
Department  of  Analytical  Chemistry,  Valladolid  (  Spain  ). 


INTRODUCTION 

The  electrochemical  behaviour  of  the  casiterite  has  been  studied  by  cyclic 
voltammetry.  For  it  we  have  used  a  carbon  paste  electrode,  whose  main  utility 
is  the  analysis  of  mineral  compounds  with  small  solubility,  such  as  oxides 
of  iron-*-*^.  manganesum8*^  or  sulfides  of  copper®,  iron®,  lead^ . 

From  the  current-voltage  curves  obtained,  it  is  possible  a  identification 
of  the  chemical  species  present  in  the  sample,  as  well  as  their  oxidation 
states  and  their  red-ox  mechanism.  In  some  cases,  quantitative  determination 
can  be  also  carried  out. 

EXPERIMENTAL 

The  working  electrode  used  in  the  work  is  a  carbon  pa^te  electrode  obtai¬ 
ned  by  mixing  powdered  grphite,  a  electrolytic  binder  and  the  sample  to  be 
studied.  The  construction  and  performance  of  a  such  electrode  is  described 
in  several  papers8,9. 

In  our  case  the  amounts  used  were:  80  mg  of  U.P.C.  graphite  II  grade, 
an  amount  of  casiterite  comprised  between  0.5  and  12  mg,  and  the  binder: 
40  ml  of  1.8  M  sulphuric  acid.  The  mixed  paste  is  put  into  a  J-shape  glass 
tube,  and  a  platinum  wire  ensures  the  electric  contac. 

The  working  electrode,  as  well  as  a  refernce  electrode  (  satured  calomel 
electrode)  and  a  platinum  counter-electrode  are  immersed  in  a  measuring  cell 
which  contains  a  solution  whose  composition  is  the  same  than  the  electrolyte 
used  a  binder,  i.e.  1.8  M  sulphuric  acid. 

The  record  the  voltammetric  curves  we  used  a  551  AMEL  potentiostat, 
in  combination  with  an  560-A  AMEL  interface  unit,  a  556  AMEL  function  genera¬ 
tor  and  LY  1700  LINGEIS  X-Y  register. 

RESULTS  AND  DISCUSSION 

A  previous  study  was  carried  out  to  choose  the  optimal  concentration  of 
both  the  background  electrolyte  and  binder  which  must  have  the  same  composi¬ 
tion.  Several  acids  and  concentrations  were  tested,  and  the  best  results  were 
obtained  with  1.8  M  sulphuric  acid,  which  was  used  in  all  posterior  studies. 
A  voltage  scan  rate  of  0.5  mV/s,  was  used  giving  voltammetric  curves  with  a 
good  definition. 

1.-  Voltammetrv  of  the  casiterite.  Elucidation  of  the  peaks. 

'when  a  2.0  mg  sample  of  casiterite  is  scanned  from  the  potential  of 
null- intensity  (  0.2  V  )  to  1.2  V,  no  anodic  peaks  are  obtained.  If  the  first 
scan  is  carried  out  from  0.20  to  -0.30  V,  the  voltammetric  curves  presents 
two  cathodic  peaks  (  c^  and  c{  in  Figure  1  ).  The  subsequent  anodic  scan 
shows  an  only  peak  at  0.015  V  (  A  in  Figure  1  ).  A  new  cathodic  scan  produces 
an  only  cathodic  peak  at  -0.065  V  (  Cp  in  the  Figure  1  ). 

The  cyclic  voltammetry  (  between  +0.60  to  -0.30  V  )  shows  than  the  peaks 
A  and  C  are  related,  whereas  c^  and  cj[  are  transformes  in  C.  The  peaks 
A  and  C  can  be  assigned  to  the  electrochemical  reaction: 

+  4  -  4.P 


Si 
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The  peaks  and  c£  ,  which  only  appear  in  the  first  cathodic  scan, 

can  be  related  to  the  reduction  of  SnOg  in  its  two  0£and  y3  forms,  according 
to: 

(«(  oryi  )  Sn02  ♦  4  H+  +  2  e"  - ►  Sn*2  +  2  H20 

2.-  Electrolysis  of  the  casiterite 

After  the  elucidation  of  the  current  peaks,  we  have  carried  out  an  attempt 
to  determine  quantitatively  the  Sn02  .  The  potential  of  the  working  electrode  is 
fixed  at  a  value  of  -0.30  V  sufficient  to  reduce  to  Sn*A  without  any  interfe¬ 
ring  effect  proceeding  from  the  reduction  of  the  medium.  If  cyclic  scans 
are  made  after  the  electrolysis,  the  height  of  the  obtained  peaks  increase 
in  each  sucessive  scan.  Notwithstanding,  if  the  electrolysis  time  is  higher 
than  45  minutes,  not  variation  of  the  height  peaks  is  found  in  the  different 
scans.  In  these  conditions  there  is  a  linear  relation  between  the  Sn02 
amount  in  the  carbn  paste  and  the  peak  area. 
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ANALYSIS  OF  THE  OXIDATIVE  SUL FONATION  OF  AROMATIC  COMPOUNDS 

U. NICKEL,  M.  SCHNEIDER  and  W.  JAENICKE 
Institute  for  Physical  Chemistry,  Erlangen  (W.  Germany) 


Sulphite  is  often  used  as  an  antioxidant  in  chemical  processes, 
especially  in  photographic  ,  “velopers.  Sometimes  the  oxidation 
products  are  only  reduced  by  this  antioxidant,  sometimes,  how¬ 
ever,  they  are  sulfonated.  By  this  second  reaction  the  most  im¬ 
portant  developing  substance  in  black-white  photography,  hydro- 
quinone,  is  transformed  into  hy droquinonemonosul fonic  acid,  which 
reduces  silver  halogenid  even  better  than  hydroquinone  itself. 
Thus  superadditivity  may  occur,  especially  in  presence  of  some 
other  reducing  agents.  Reactions  of  this  type  were  studied  inten¬ 
sively  some  time  ago  in  electrochemical  investigations  (1,2). 

In  colour  photography  the  most  important  developing  substances 
are  N,N-dialkyl  substituted  p-pheny lenediamines .  But  since  their 
oxidation  products,  p-qu inonedi im ines ,  are  needed  for  the  forma¬ 
tion  of  the  colour  by  coupling  with  an  adequate  organic  compound, 
any  reaction  with  sulphite  will  decrease  the  desired  colour. 
Therefore  in  colour  developing  solutions  sulphite  cannot  be  pre¬ 
sent  in  great  concentration,  and  it  is  necessary  to  know  exactly 
its  reaction  with  p-qu i nonedi imine  in  concurrence  to  the  colour 
forming  coupling  reactions.  Some  of  the  possible  reactions  are 
collected  in  scheme  1. 


scheme  1 
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Homogeneous  investigations  in  a  stopped  flow  apparatus  indicated 
that  sulfonation  cannot  occur,  if  the  positions  3  and  (or)  5  are 
occupied  by  alkyl  groups.  In  this  case  the  chinoidic  intermediate 
with  the  NR?  -and  SO.H  -group  in  position  1,  which  exhibit  cha¬ 
racteristic  absorption  at  270  and  420  nm,  will  be  remarkably 
stable  at  pH  <  7,  whereas  at  higher  pH  deamination  to  the  respec¬ 
tive  quinone  takes  place.  Acid  deamination,  which  is  possible  in 
the  stop  bath  of  the  photographic  development,  yields  N-substi- 
tuted  p-quinone-monoimines  (3).  In  weak  acid  solution  these  com¬ 
pounds  also  form  stable  quinoidic  intermediates  with  sulphite.  At 
higher  pH,  however,  they  are  deaminated  to  the  respective  quino- 
nes  as  well.  Most  of  these  reactions  can  easily  be  observed  in  a 
stopped  flow  apparatus  using  optical  detection.  Some  reactions, 
however,  can  be  better  observed  with  electrochemical  methods,  be¬ 
cause  the  use  of  homogeneous  oxidants  sometimes  causes  a  lot  of 
di f f icult ies .  Some  of  the  results  obtained  by  £yclic  voltammo- 
grams  at  a  stationary  gold  electrode  (0.12  cm  )  are  given  in 
f lgs .  1  -  4 . 

Fig.  1  shows  that  the  addition  of  sulphite  to  aqueous  N.N-di- 
ethy 1-p-pheny lenediamine  shifts  the  cv-wave  and  increases  the 
.urrent.  This  is  due  to  an  adsorption  of  sulphite  and  to  a  cata¬ 
lytic  current  as  observed  during  the  oxidative  sulfonation  of 
hydroquinone  (2).  Even  rather  small  amounts  of  sulphite  prevent  a 
cathodic  current.  This  result  is  in  agreement  with  those  obtained 
by  homogeneous  oxidative  sulfonation  yielding  sulphonated  p-phe- 
ny lenediamines  in  a  rather  fast  consecutive  reaction. 

Fig.  2  shows  that  nearly  the  same  results  as  in  fig  1  are  ob¬ 
tained  with  N . N-die thy  1 -3 , 5-d ime thy  1 -p-aminopheno 1 .  Homogeneous 
measurements,  however,  indicate  that  there  occurs  no  sulfonation 
but  only  the  formation  of  the  quinoidic  intermediate  (see  scheme 
1 ; ,  because  the  positions  3  and  5  are  occupied  by  me  thy  1 -g roups . 
Therefore  this  intermediate  seems  to  be  e 1 ec t r ochem i ca 1 1 y  inac¬ 
tive. 

Fig.  3  shows  that  the  quinoidic  intermediate  is  e 1 ec t r ochem i ca 1 1 y 
inactive  indeed,  because  after  the  addition  of  sulphite  to  homo¬ 
geneously  oxidized  N . N-di e thy  1 - 3 , 5-dime thy 1 -p-pheny 1 ened i am i ne  or 
the  respective  qu  inonemono  im  ine  no  cyclic  o  1 1  ammog  r  am  can  be  ob¬ 
tained.  After  addition  of  OH  ,  however,  an  e lec t rochem ica 1 1 y  ac¬ 
tive  compound  is  formed  by  deamination.  It  should  be  3,5-di¬ 
me  t h y 1 - p -qu i none  (4). 

This  can  be  proved  by  the  cyclic  voltammogram  of  3 , 5-d ime t hy 1 qu i - 
none,  which  was  prepared  in  homogeneous  solution  by  oxidative  de- 
arfiination.  As  demonstrated  in  fig.  4  it  is  very  similar  to  that 
obtained  in  fig.  3  after  deamination  of  the  sulfonated  intermedi¬ 
ate.  Addition  of  excess  sulphite,  however,  again  produces  an 
e lec t rochem l ca 1 1 y  inactive  substance.  Therefore  it  is  not  sure 
that  substituted  quinone s  are  sulfonated  as  indicated.  Perhaps 
quinoidic  compounds  are  formed  similar  to  those  in  scheme  1. 

Thus  by  combination  of  optical  and  electrochemical  methods  the 
mechanism  and  the  kinetics  of  the  oxidative  sulphonation  of  sub¬ 
stituted  p-pheny  lenediamines ,  p-aminophenols  and  similar  com¬ 
pounds  can  be  determined  rather  accurately. 


10180 


DETERMINATION  OF  PH0SPH0L1P10S  IN  ORUGS  AND  BIOLOGICAL  LIQUIDS 

L.  Campanel la* ,  M.  Mascini**,  G.  Palleschi**,  M.  Tomassetti*. 

(*)  (Oipartimento  di  Chimica,  Universita  di  Roma  "La  Sapienza") 
( ** ) ( 0 i pa r t i ment o  di  Scienze  e  Tecnol . Chim . , I l  Univ.  di  Roma) 


Pho s pha t y d i 1 c h o 1 i ne  is  one  of  the  most  important  constitu¬ 
ting  compounds  of  many  commercial  drugs  commonly  employed  in 
the  biliar  and  hepathic  affections  such  as  hepatitis,  cirrho¬ 
sis,  gallstones,  in  the  d  i  s  1  i  pi demi e s ,  hypercholesterolemies, 
a r t e r i o s c 1 e r o s i s  and  for  the  therapy  of  the  brain  metabolism 
disfunctions.  Lecithin  is  occasionally  contained,  even  if  at 
low  concentration  levels,  in  syrups  and  other  pharmaceutical 
formulations,  where  it  plays  different  roles;  lastly  it  is 
also  part  of  many  dietetic  products  since  long  time  very  dif¬ 
fuse  n  the  commerce.  It  is  well  know  also  that  phosphatydil- 
choline  is  contained  in  some  fluids  and  tissues  of  animals 
and  vegetables  (bile,  serum,  some  seeds,  encephalic  tissue). 
The  quantitative  determination  of  lecithin  in  drugs  and  in 
the  above  mentioned  matrixes  is  often  requested  for  different 
reasons:  quality  control  from  the  manufactures  or  from  public 
offices  ad  hoc  appointed,  determination  of  merceological  , 
bioclinical  or  forensic  interest.  The  determination  of  leci¬ 
thin  can  be  performed  by  different  chromatographic  methods, 
during  last  years  especially  by  HPLC;  all  these  methods  ne¬ 
vertheless  require  long  time,  pretreatment  of  the  sample  and 
complicated  apparatus.  For  all  these  reasons  simple  and  rapid 
methods  are  looked  for  and,  when  individuated,  they  are  expe¬ 
rimented  for  many  of  the  described  analytical  problems. 

Lately  we  developed  a  simple  method  of  determination  of 
lecithin  that  employs  an  enzymatic  supersensor  and  the  enzyme 
phospholypase  D  in  homogeneous  phase.  The  supersensor  was 
obtained  by  immobilizing  the  chol ineoxydase  on  a  nylon  net 
and  by  fixing  this  one  on  a  Clark  electrode  indicating  oxygen 
concentration .  Lecithin  is  hydrolized  by  phospholipase  to  cho¬ 
line  and  phosphatydic  acid.  By  this  method  we  determined  leci¬ 
thin  both  in  some  human  biliar  samples  and  in  some  control 
sera  and  in  some  commercial  drugs  produced  in  different  con¬ 
fections:  phials,  caps,  grams.  The  analysis  was  performed 
with  a  flow  system  by  which  a  good  reproducibility  ( SD\  =  1 . 5% 
in  choline  standard  solutions  and  =  1.1\  in  lecithin  standard 
solutions)  and  a  linearity  concentration  range  (2.5x10~^  + 
2.0x10~4)  mol/1  were  obtained.  In  the  Fig.  the  response  of 
the  enzyme  sensor  at  increasing  choline  concentration  is 
reported  . 
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A  comparison  between  nominal  and  experimental  value  of  le¬ 
cithin  levels  was  performed;  the  comparison  was  extended  to 
the  values  obtained  on  the  same  drugs  by  an  enzymatic  spectro- 
photometric  method.  The  values  obtained  by  the  new  method 
we  developed  resulted  generally  in  a  good  agreement  with  the 
nominal  ones.  More  differently  from  the  spectrophotometr ic 
methods  our  method  is  free  from  any  chromatic  or  turbid  inter¬ 
ference  fpllowing  the  alcoholic  extraction  of  the  examined 
drugs . 
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APPLICATION  DF  A  FIA  SYSTEM  WITH  AMPEROMETRIC  DETECTION  TO 
THE  DETERMINATION  OF  FOLMALDEHYDE . 
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A  flow  injection  analysis  system  with  amperometric  de¬ 
tection  was  performed  for  determination  of  formaldehyde  in 
aqueous  solutions  (Fig.  1).  The  detector  was  a  wall-jet  ti- 
pe  cell  equiped  with  a  gold  disk  electrode.  The  influence 
of  flow  rate,  coil  length  and  internal  diameter  and  injec¬ 
tion  volume  on  the  sensitivity  was  established,  being  their 
optima  values  for  determination  3.75  ml/min,  55  cm,  0.5  mm 
and  100  ul,  respectively.  The  carrier  was  a  0.1  M  NaOH  so¬ 
lution.  The  electrode  potential  was  0.0  V.  vs.  S.C.E..  The 
working  range  of  concentrations  was  0.06-1  mM  HCHO  and  the 
limit  of  determination  0.016  mM.  The  FIA-gramm  obtained  for 
various  stock  solutions  of  formaldehyde  is  showed  in  Fig.  2. 
The  maximuri  sampling  frecuency  was  about  110  samples  per 
hour.  No  deaeration  of  samples  and  carrier  was  necesary, 
because  in  the  working  electrode  potential  the  reduction 
of  solved  oxigen  is  neglectable. 


■  -  —  —  —  - — .  — _ , - — _ _ _ 

r 

i 

BD-R162  434 

JNCLASSIFIE 

EXTENDED  ABSTRACTS  INTERNATIONAL  SOCIETV  OF 
ELECTROCHEHISTRV  (36TH)  HELD  AT  SALAMANCA  SPAIN  0 
23-28  SEPTEMBER  19850J)  INTERNATIONAL  SOCIETV  OF 
ELECTROCHEMISTRV  2B  SEP  85  F/G 

N 

/A 

18/12  | 
„  1 

Ml 

n 

□ 

1 

1 

“ 

in 

_ 

l 

n 

L 

1 _ z 

- = - = - - - -  -| 

10191 


Fig  1.  Flow  Injection  System:  G,  gas  presui-;  C,  carrier 
solution;  V,  valve  with  an  external  loop;  R,  -eactor;  D, 
Amperometric  detector;  P,  polarograph;  RE,  reg  ster. 


Fig  2.  Calibration  runs  for  formaldehyde  standards.  1.32, 
0.794,  0.265  and  0.132  mM  and  0.132,  0.079  and  0.027  mM. 
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ANODIC  STRIPPING  VOLTAMMETRY  ANALYSIS  OF 
CLOZAPINE  ON  A  GLASSY  CARBON  ELECTRODE. 

Elisa  GonzSIez  Romero  and  Lucas  HernSndez  HernSndez. 
Dpto.  Qufmica  Analitica.Universidad  Autdnoma  de  Madrid. 


INTRODUCTION. 

In  this  work,  we  have  studied  the  determination  of  an  antidepressive 
drug:  8-chloro-ll(4-methy1-l-piperazinyl)-5H-dibenzo-b,e-l,4-diazepin  (CL0ZAPI_ 

NE). 

Kauffmann  and  Patriarche  1,2have  studied  the  electrochemical  behavlo 
ur  of  clozapine  by  means  dc.ac.dp  and  cyclic  voltammetry  at  the  glassy  carbo'- 
electrode  (G.C.E. ) .They  suggest  the  existence  of  an  adsorption  phenomenon  on 
the  electrode  surface,  which  could  be  used  to  the  analysis  of  clozapine  by  ano 
die  stripping  voltammetry  on  G.C.E. 

RESULTS. 

It  was  necessary,  in  order  to  obtein  reproducible  results,  to  clean 
the  glassy  carbon  electrode  surface  before  each  measurement. The  electrode  was 
pulished  mechanically  with  alumina  prior  to  each  set  of  experiments, follow  by 
cycling  the  electrode  repeatedly  between  -0.1V  and  +0.9V  vs  S.C.E.  and  apply¬ 
ing  +1.5V  vs  S.C.E.  until  the  current  reached  a  steady  level  prior  to  each  a- 
nodic  stripping  trials. 

From  an  analytical  point  of  view, the  linear  dependence  of  the  peak 
heights  on  the  concentration  of  the  clozapine  analyzed  is  most  important. Cali 
bration  graphs  showed  linearility  in  the  concentration  ranges  ltt"5-  2.10'6  M. 
and  8.10  ^ -  10  ^  M.  clozapine  at  stationary  electrode. 
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Another  important  factors  are  the  deposition  time  and  the  deposition 
potential .These  influences  are  illustrated  in  Figure  1  and  2,  respectively. 

Other  important  factors  connected  with  the  deposition  process  are  the  value  of 
pH, nature  and  concentration  of  the  supporting  electrolyte. The  experimental  re¬ 
sults  have  shown  that  optimum  medium  were  phosphate  buffer  solution  0.1  M.  at 
pH  3. 2. The  constante  stirring  necessary  for  the  deposition  step  was  attained 
by  means  of  magnetic  stirrer  and  held  at  500  r.p.m. 

The  heiht  of  the  peaks  is  more  affected  by  variation  of  the  scan  ra¬ 
te.  It  has  been  observed  that  the  amount  of  material  deposited  increases  linear 
ly  with  increasing  scan  rates  3,1\Scan  rate  of  20  mVs"*  was  employed  for  this 
analytical  work. 

The  accuracy  and  precision  of  the  method  was  checked  on  five  series 

of  clozapine  sample. The  relative  error  in  determining  0.03  -  0.3  p.p.m.  of  clo 

zapine  does  not  exceed  3%  and  the  relative  standard  deviation  was  It. The  detec 

-9 

tion  limit  can  be  estimated  at  8.2  10  M. .corresponding  to  2.7  jjg/1  of  cloza¬ 
pine  when  a  phosphate  buffer  solution  at  pH  3.2  is  used. 
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Fia.  l:  Relationship  beween  clozapine  peak  currents 
as  a  function  of  deposition  time. 


Fig.  2:  Relationship  between  clozapine  peak  currents 
as  a  function  of  deposition  potential. 
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PGLAROGRAPHIC  REDUCTION  OF  NAPHTHOL  YELLOU  S 

L.I.  DE  LA  CRUZ  YAGUEZ,  J.ft.  PINGARRON  CARRAZON  and  L.PI. 
POLO  DIEZ. 

Department  of  Analytical  Chemistry,  Faculty  of  Chemistry, 
Complutense  University  of  Madrid,  28040  Madrid,  Spain* 


INTRODUCTION 

Naphthol  Yellou  S  (disodium  salt  of  8-hydroxy-5, 7-dini- 
tro-2-naphtalensulfonic  acid)  is  a  water  soluble  nitro-dye, 
widely  used  in  cosmetics  and  pharmaceutical  products^-,  with 
the  following  structure: 


The  aim  of  this  work  i 

tablish  its  electrochemical  characteristics  and  to  develop 
analytical  methods  for  its  determination  in  different  sam¬ 
ples. 

METHODOLOGY 

The  electrochemical  study  of  Naphthol  Yellou  S  was 
carried  out  in  a  Britton-Robinson  buffer,  each  acid  having 
concentration  of  Q.1M,  at  three  different  pH  values:  3*5,  7 
and  9.  The  following  polarographic  techniques  were  used: 
normal  direct  current  polarography  (dc),  tast  polarography , 
differential  pulse  polarography  (dpp)  and  first  harmonic  al 
ternating  current  polarography  (ac^).  All  potential  values 
were  measured  with  respect  to  the  Ag/AgCl  electrode. 

RESULTS  AND  0ISCUS5IDN 

Naphthol  Yellou  5  shows  a  dc  polarographic  reduction 
wave  at  pH  values  lower  than  6;  between  pH  6  and  pH  10  tuo 
cathodic  waves  appear,  whose  separation  depends  strongly  on 
pH.  The  plot  of  half-wave  potential  as  a  function  of  pH  is 
shown  in  Figure  1.  As  can  be  seen,  the  half-wave  potential 
shifts  towards  more  negative  values  when  pH  increases,  indi 
eating  that  protons  are  involved  in  the  dye  reduction  pro¬ 


s  to  study  the  polarographic  and. 


cess . 
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In  the  pH  6-10  range,  in  which  two  polarographic  waves 
appear,  the  difference  between  E^/2  walues  of  both  waves  be¬ 
comes  greater  with  increasing  pH. 

*1/2  * 

-080 

-0  60 

-0.40 

-0-20 

2  4  6  •  tO  pH 

Figure' 1.-  pH  influence  on  Ej/2  normal  dc  polarography . 
Naphthol  Yellow  S  1.0  x  10“4I*I. 

On  the  other  hand,  limiting  current  remains  practically 
constant  up  to  pH  6  (Figure  2).  The  heights  of  the  two  waves 
which  appear  at  pH  higher  than  6  are  quite  similar,  being 
approximately  half  that  obtained  at  pH  lower  than  6. 

i,  i  A 
1.00 

1.20 

0.80 

0.40 

2  4  6  8  10  pH 

Figure  2.-  pH  influence  on  i^  in  norma^  dc  polarography. 

Naphthol  Yellow  S  1.0  x  10 “aP'l .  • , only  one  wave; 
o,  first  wave;  x,  second  wave;  »  addition  of 
first  and  second  wave. 

From  the  results  obtained  in  this  study,  working  pH  con 
ditions  of  3.5,  7  and  9  were  chosen  for  lurther  studies. 

In  order  to  determine  the  characteristics  of  the  elec- 
trodic  process  the  following  studies  were  carried  out: 
-Effect  on  limiting  current  of  the  height  of  mercury  reser¬ 
voir,  temperature  and  electroactive  species  concentration^. 
-Qualitative  examination  of  the  i-t  curves  at  different  po- 
tentials  . 

From  the  results  obtained,  it  can  be  concluded  that 
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the  Naphthol  Yellow  S  reduction  process  is  diffusion-contro¬ 
lled  in  the  three  studied  media. 

Reversibility  of  the  polarographic  process  was  studied 
by  applying  the  following  criteria: 

-Logarithmic  analysis  of  the  polarograms  obtained  by  normal 
dc,  tast^  and  ac^  polarography . 

-  Analysis  of  E3/4-E1 /4^* 

-  Effect  of  the  pulse'amplitude  on  peak  potential  (Ep),  peak 
current  (ip)  and  half-peak  width  ( <^1/2 )  dPP  • 

-  Comparison  of  E^/2  ^c  anc*  ^p  acl^» 

-  Analysis  of  wjy2  in 

-  Relationship  between  I_  and  the  height  of  the  mercury  re- 

.  .  3  *■* 

servoir  in  acj_  . 

-  Analysis  of  the  relation  between  dropping  time  and  Ep  in 
ac^. 

The  results  obtained  by  applying  these  criteria  and 
techniques  showed  the  irreversibility  of  the  Naphthol  Yellow 
S  reduction  process  in  the  three  studied  media. 

The  number  of  electrons  involved  in  the  reduction  pro¬ 
cess  uas  estimated  from  the  Ilkovic  equation,  assuming  a 
diffusion  coefficient  value  within  the  range  given  in  the 
literature  for  this  kind  of  compounds.  A  12  electron  exchan¬ 
ge  seems  to  occur,  which  will  be  further  confirmed  by  contro- 
lled-potential  coulometry  in  future  work. 

Standar  criteria  were  applied  to  determine  kinetic  para 
meters  of  the  polarographic  reduction  process^.  The  values 
obtained  for  the  electron  transfer  coefficient  pc  and  for  the 
rate  constant  k°  confirm  the  irreversibility  of  the  reduc¬ 
tion  wave(s)  in  tne  three  studied  media. 

Calibration  graphs  showed  proportionality  between  dye 
concentration  and  diffusion  current,  for  the  different  pola^ 
rographic  techniques  used.  The  linear  ranges  in  normal  dc 
and  tast  polarography  are  between  1.0  x  10”  and  1.0  x  10"^PI, 
while  the  quantitative  determination  of  Naphthol  Yellow  5  by 
dp  polarography  should  be  carried  out  in  the  1.0  x  10_  -  3.0 
x  10"^  PI  concentration  range. 
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APPLICATION  OF  SEVERAL  REVERSIBILITY  CRITERIA  TO  THE  POLARO- 
GRAPHIC  REDUCTION  OF  METHYLENE  BLUE  IN  A  BRITTON- ROBIN SON 
BUFFER. 

G.T0MA1N0  BELTRAMI ,  J .M.PINGARRON  CARRAZON  and  L. M. POLO  DIEZ 
Department  of  Analytical  Chemistry,  Faculty  of  Chemistry, 
Complutense  University  of  Madrid,  28Q4Q  Madrid,  Spain. 


general,  electrochemical  reactions  may  be  classified, 
ng  to  their  rate,  in  tuo  groups:  reversible  and  irre- 
e  reactions.  A  large  variety  of  criteria  to  determine 
ersibility  of  these  reactions  using  different  polaro- 
techniques  are  available^* 

this  uork  ue  evaluate  the  reversibility  of  the  methy 
ue  (MB)  polarographic  reduction  by  applying  several 
a  using  different  polarographic  techniques: 
arithmic  analysis  of  the  polarograms  obtained  by  nor* 
polarography^-. 

e  behaviour  of  the  electrode  potential  as  a  function 
current  for  a  reversible  cathodic  wave  at  25°C  is  des 
by  the  following  equation: 

r  r  0.059  ....  .  . 

E  =  ^1/2  "  n  109 

consequently,  the  E  versus  log  (i/i^-i)  plot  for  a  diffusion 


In 
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graphic 
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1.-  Log 
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Figure  1.-  Normal  dc  polarograohy :  ^ogarithmic  plot  of  me¬ 
thylene  blue.  MB  5.0x10  M,  Bri tton-Robinson 
buffer  0.1M  in  each  acid;  pH  6.55;E  vs.  Ag/AgCl. 
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-controlled  reversible  process  at  25°C  will  produce  a 
straight  line  uhose  slope  is  -0.059/n  \I . 

The  polarogram  obtained  from  a  [*I8  solution  at  pH  6.55 
gives  rise  to  the  logarithmic  plot  shown  in  Figure  1. 

In  this  case,  a  linear  plot  is  obtained,  uhose  slope  is 
-0.0268  V.  Taking  into  account  that  there  are  two  electrons 
involved  in  the  electrodic  reduction  of  methylene  blue,  de¬ 
termined  by  controlled-potential  microcoulometry  (theoreti¬ 
cal  slope  -0.0295  V),  it  may  be  deduced  that  the  electrodic 
process  involved  is  reversible  in  this  technique. 


2.-  Logarithmic  analysis  of  the  polarograms  obtained  by  al¬ 
ternating  current  polarography ,  first  harmonic  (ac^)^. 

The  equation  which  describes  the  relation  between  peak 
potential  and  peak  current  for  a  reversible  process,  in  al¬ 
ternating  current  polarography,  is  given  as  follows: 


=  E 


+  2( 


2.303  RT 


')  log  /"( 


-dc  -  -i/2  t  ^ — kp — '/uy  f  \7T 

therefore,  the  Edc  versus  log  ^  +  (I  -I/I)!/2_7 

plot  for  a  reversible  process  will  give  a  strlight  line  of 
slope  2(2.303  RT/nF). 

The  polarogram  obtained  from  a  1*1  B  solution  at  pH  6.50 
gives  rise  to  the  logarithmic  plot  shown  in  Figure  2. 


■)1/2* 


( 


I  -I 
P 


)1/2J 


Figure  2.-  ac^  polarography:  logarithmic  plot  of  methylene 
blue.  MB  1.31  x  IQ-4!*!,  Britton-Robinson  buffer 
0.1  1*1  in  each  acid;  pH  6.50;  E  vs.  Ag/AgCl. 

f*  =  Z~(ip/i)1/2  t  ( I p-1/1 ) 1/2_7. 

As  can  be  deduced  from  this  graph,  a  straight  line  is 
obtained,  whose  slope  is  -0.0573  V .  This  value  agrees  well 
with  the  theoretical  value  (-0.0591  V)  for  a  reversible  pro¬ 
cess  when  n  =  2.  Thus,  using  this  technique,  similar  conclu¬ 
sions  may  be  draun  regarding  the  reversibility  of  the  elec¬ 
trodic  process,  to  those  obtained  from  the  first  criterium 
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applied. 

3.-  Effect  of  pulse  amplitude  on  peak  current  (ip),  in  diffe 
rential  pulse  polarography  (dpp)^. 

The  equation  defining  the  peak  current  behaviour  in  di¬ 
fferential  pulse  polarography  is  the  following: 

i_  =  (Ai)_  =  nFACCD/lTtn,)1/2  (f -1/<T +1) 


where  <T  =  exp( 


„  max, 
nF  A£ 


RT 


),AE  being  the  pulse  amplitude.  The¬ 


refore  the  ip  vs:  (d“  -l/«"+l)  plot  will  yield  a  straight 
line  for  a  reversible  reduction  process  at  25°C. 

The  results  obtained  for  methylene  blue  at  pH  6.50  are 
shown  in  Table  I. 


Table  I.-  Pulse 

amplitude 

influence  on 

the 

ip  values.  PIB  2.5 

x  10-4 

PI;  Britton-Robinson  buffer 

0.1  PI,  pH  6.50 

/ &  E/,mV 

<r 

(C-i/r+n 

-^P 

+  0.004  /*■  A 

5 

0.8231 

0.0970 

0.080 

10 

0.6776 

0.1922 

0.158 

20 

0.4591 

0.3707 

0.300 

30 

0.3111 

0.5255 

0.418 

40 

0.2108 

0.6518 

0.520 

50 

0.1428 

0.7501 

0.616 

After  adjusting  the 

values  by  the 

least  square  method. 

values  of  0.0004yuA  for  the  ordinate  at  the  origin;  0.808 
^A"1  for  the  slope  and  0.9995  for  the  regression  coeffi¬ 
cient  were  obtained.  These  results  confirm  the  reversibility 
of  the  methylene  blue  reduction  process. 

Similarly,  the  following  reversibility  criteria  were 
applied : 

4. -  Analysis  of  E3/4- EwA 

5. -  Effect  of  pulse,  amplitude  on  peak  potential  (Ep)  and 
half-peak  width  (w^^)  in  dpp^« 

6. -  Comparison  of  E^/2  anc*  ^p  aci^* 

7. -  Analysis  of  wjy2  in  ac^2 

8. -  Relationship  between 

•  ■  2 
reservoir  in  ac^  . 

9. -  Analysis  of  the  relation  between  dropping  time  and  Ea 

2  y 

ac^  . 

The  results  obtaineo  confirm  the  reversibility  of  the 
electrodic  process  involved. 


Ip  and  the  height  of  the  mercury 


in 
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AMPEROMETRIC  DETERMINATION  OF  ETHANOL  IN  BLOOD 
BY  FLOW  INJECTION  ANALYSIS 
M.  VALCARCEL,  M.D.  LUQUE  DE  CASTRO  and  A.  FERNANDEZ 
Department  of  Analytical  Chemistry,  Faculty  of  Sciences, 
University  of  Cdrdoba,  Spain 


Despite  the  large  variety  of  methods  for  the  quantitative 
determination  of  ethanol  in  blood  described  so  far,  it  is  neces 
sary  to  note  that  these  are  based  on  slow  methodologies,  are  not 
very  precise  or  require  expensive  instrumentation.  In  this  paper 
we  aim  to  demonstrate  the  suitability  of  Flow  Injection  Analysis 
FIA,  for  the  determination  of  alcoholemia  in  blood  as  well  as 
the  viability  of  its  araperometric  detection  by  a  simple  and  in¬ 
expensive  method  excelling  all  techniques  previously  described. 

The  proposed  method  is  based  on  the  oxidation  of  ethanol 
to  acetaldehyde  through  the  action  of  alcohol  dehydrogenase  (ADH) 
in  the  presence  of  the  coenzvme  NAD*: 

CH3CH2OH  ♦  NAD*  -  -  CH3CH0  «■  NADH  +  H* 

The  amperometrically  controlled  species  is  the  reduced  form  of 
the  coenzyme,  which  can  also  be  monitored  photometrically  or 
fluorimetrically .  The  presence  of  a  trapping  agent  for  acetalde¬ 
hyde  formed  (thiosemicarbazide,  hydrazine,  etc.),  which  favours 
the  completion  of  the  reaction  cannot  be  used  with  the  electro¬ 
chemical  control,  because  the  reducing  character  of  these  species 
interferes  in  the  determination. 

The  FIA  configuration  used  is  shown  in  Fig.  1.  It  consists 
of  a  peristaltic  pump  (P) ,  a  low-pressure  injection  valve  (IV) ,a 
reactor  (R)  (length  150  cm  and  diameter  0.5  mm)  and  a  5  uL  flow¬ 
through  electrochemical  microcell  (MC)  whose  auxiliary  and  work¬ 
ing  electrodes  are  glassy  carbon,  while  the  reference  electrode 
is  an  Ag/AgCl  one,  using  a  voltammetric  detector  (D) . 
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Fig.  1.  FIA  manifold 


Waste 


A  systematic  study  has  been  performed  to  optimize  the  dif 
ferent  variables  influencing  the  determination  in  order  to  ob¬ 
tain  the  maximum  sensitivity  and  precision.  In  Table  I  are  shown 
the  optimum  values  found. 


It  has  been  shown  that  the  prior  mixing  of  the  enzyme  sol¬ 
ution  with  the  sample  results  in  higher  sensitivity  and,  in  ad¬ 
dition,  spares  enzyme. 

The  blood  sample  needs  no  pretreatment.  A  1:100  dilution 
with  pyrophosphate  buffer  pH  9  is  enough.  The  continuous  flow 
system  allows  a  permanent  wash  of  the  electrode  surfaces;  more¬ 
over,  the  residence  time  of  the  sample  plug  inside  the  cell  is 
very  short. 

Samples  for  running  the  calibration  curve  are  prepared  by 
placing  50  uL  of  whole  blood  (from  normal  adults),  2  mL  of  100 
U.mL  enzyme  solution  and  variable  volumes  of  an  aqueous  sol¬ 
ution  of  2500  ppm  of  ethanol  in  a  5-mL  volumetric  flask  made  up 
to  volume  with  pyrophosphate  buffer  of  pH  9 .  A  linear  range  is 
obtained  between  5  -  300  mg.L-1  of  ethanol  (regression  coefficient 
0.995).  The  statistical  study  of  the  reproducibility  performed  on 
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samples  with  10  mg.L-1  of  ethanol  yields  a  relative  standard  de¬ 
viation  of  ±0.90%.  The  sampling  frequency  is  50  h-1. 

The  suggested  method  has  the  following  features: 

a)  Unnecessary  sample  pretreatment. 

b)  Small  sample  volume. 

c)  Determination  range  suitable  for  controlling  al- 
coholemia  according  to  the  legislation. 

d)  Good  reproducibility. 

e)  Rapidity,  simplicity  and  low  cost. 
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POLAROGRAPHIC  DETERMINATION  OF  PARATHION  AND 
PARAOXON.  INDUCTION  OF  PARATHION  HYDROLYSIS  BY  Pd(II) 

J. HERNANDEZ  MENDEZ,  R.CARABIAS  MARTINEZ 
and  J. SANCHEZ  MARTIN 

Department  of  Analytical  Chemistry.  Faculty  of  Chemistry.  Uni¬ 
versity  of  Salamanca.  Spain. 


The  difficulty  involved  in  the  simultaneous  determination 
of  parathion  and  its  metabolite,  paraoxon,  lies  in  the  fact 
that  they  both  have  the  same  electroactive  group  and  that  the 
rest  of  their  molecule  does  not  differ  significantly  in  size 
or  polarity. 

This  communication  reports  on  a  polarographic  method  (DPP) 
for  the  simultaneous  determination  of  parathion  and  paraoxon 
based  on  their  different  hydrolysis  rates  in  the  presence  of 
Pd (II).  This  cation  shows  a  selective  affinity  for  the  thio- 
phosphate  group1'2,  inducing  the  hydrolysis  of  parathion  but 
not  of  paraoxon. 

Other  metallic  ions  of  known  catalytic  activity  in  the 
hydrolysis  of  organophosphorous  pesticides  3,4  were  assayed, 
though  the  best  results  were  obtained  with  Pd(II). 

RESULTS  AND  DISCUSSION 

Reaction  of  parathion  and  paraoxon  with  Pd(II).  Cu(in  and 
Hg(II)  - - 

In  50%  (v/v)Me0H/H20,  0.1  M  HAc/0.1  M  NaAc  medium  para¬ 
thion  shows  a  well-defined  reduction  peak  at  -0.376  V  (v.s. 
S.C.E.).  The  addition  of  Pd(II)  to  the  solution  causes  a  pro¬ 
gressive  decrease  with  time  in  the  parathion  peak  and  the 
appearance  of  three  new  peaks  at  -0.480,  -0.590  and  -1.340  V. 
After  20  min,  the  parathion  peak  can  not  be  observed  and  tho¬ 
se  obtained  at  -0.590  and  -1.340  acquire  a  constant  value. 
However,  the  peak  corresponding  to  -0.480  V  increases  pro¬ 
gressively  with  time.  It  was  proved  that  the  -0.590  and 
-1.340  V  peaks  are  due  to  the  reduction  of  p-nitrophenol  and 
that  of  -0.480  V  to  the  reduction  of  a  Pd ( II ) -00 ’diethyl- 
thiophosphate  complex. 

If  the  Pd(II)  concentration  is  greater  than  that  of  pa¬ 
rathion,  a  precipitate  of  metallic  Pd  appears  with  time,  due 
to  the  reduction  of  the  free  metallic  ion  by  the  methanol  of 
the  medium.  In  Pd (II) -complexing  media,  such  as  0.1  M  HC1  and 
0.1  m  HAc/NaAc/EDTA ,  the  precipitate  is  not  formed,  but  in 
these  conditions  the  parathion  is  not  hydrolyzed.  In  30% 
(v/v)MeOH/H20  medium  and  Br itton-Robinson  buffer  the  solutions 
of  Pd(II)  are  stable  and  cause  the  hydrolysis  of  parathion. 

In  the  same  medium,  paraoxon  is  reduced  at  -0.370  V  and  the 
presence  of  Pd (II)  does  not  induce  its  hydrolysis ,at  least 
before  72  h. 
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Similar  studies  were  carried  out  with  Cu(II)  and  Hg(II). 
With  the  former,  parathion  is  not  hydrolyzed, at  least  over  the 
first  three  hours.  With  Hg(II)  hydrolysis  does  take  place; 
though  slower  than  in  the  presence  of  Pd(II). 

Hydrolysis  reaction  of  parathion  in  the  presence  of  Pd(II) 

According  to  the  studies  carried  out, the  polarographic 
determination  of  parathion  in  the  presence  of  paraoxon  is  possi^ 
ble  by  inducing  the  hydrolysis  of  the  former  with  Pd (II)  and 
measuring  the  p-nitrophenol  formed. 

The  hydrolysis  reaction  of  parathion  becomes  slower  as  pH 
increases,  suggesting  that  it  is  advantageous  to  work  in  acid 
media.  However,  the  difference  between  the  peak  potentials  of 
paraoxon  and  p-nitrophenol  is  greater  for  pH>8.  On  the  other 
hand,  the  difference  between  the  peak  potentials  of  paraoxon 
and  the  Pd(ll) -00 'diethylthiophosphate  increase  at  pH  lower 
than  8 . 


The  reaction  presents  an  induction  period  dependent  on 
pH,  temperature  and  the  Pd (II)  concentration,  and  is  not  auto 
catalytic.  The  induction  period  is  apparently  caused  by  the 
formation  of  an  unstable  complex  of  Pd (II)  with  the  pesticide. 


Determination  of  parathion  and  paraoxon 

The  following  procedure  is  proposed  for  the  simultaneous 
determination  of  parathion  and  paraoxon: 

Palladium  (10  ^M)  is  added  to  a  solution  containing  both 
pesticides  in  30%  (v/v)  Me0H/H20  medium,  0.12  M  Br itton-Robin 
son  buffer,  pH-8.  After  120  min,  the  paraoxon  is  determined 
by  measurement  of  its  own  peak  (Ep—0.540  V)  and  parathion  by 
the  peak  of  the  p-nitrophenol  formed.  An  alternative  method 
for  carrying  out  the  indirect  measurements  of  parathion  with 
better  precision  consists  in  alkalinizing  the  solution  to 
pH  9.25,  after  hydrolysis  has  taken  place;  under  such  condi¬ 
tions  the  p-nitrophenol  peak  obtained  is  better  defined  (Figu 
re  1)  . 


Simultaneous  determinations  of  the  both  pesticides  are 
possible  with  acceptable  accuracy,  if  the  ratios  of  their 
concentrations  are  lower  than  40.  For  higher  ratios  the  method 
is  only  r ecommendable  for  the  determination  of  the  pesticide 
at  higher  concentration. 


i 


Figure  1 

Polarograms  (DPP)  of  parathion  and  paraoxon 

a)  parathion  1.14.10  4M;  paraoxon  1.16.10  4  M;  pH  8.0 

b)  solution  a  +  Pd(ll)  1.0.10"4M  (after  120  min) 

c)  solution  b  at  pH  9.25 
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DETERMINATION  OF  CLOBAZAM  AND  NORCLOBAZAM 
BY  DIFFERENTIAL  PULSE  POLAROGRAPHY 
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MARTIN  and  M.J. ARIAS  RODRIGUEZ 

Department  of  Analytical  Chemistry.  Faculty  of  Chemistry.  Univer¬ 
sity  of  Salamanca.  Spain 


Clobazam  is  a  psychotropic  drug  which  belongs  to  the  1,5-ben 
zodiazepine  group;  norclobazam  is  its  major  metabolite.  Several 
methods  have  been  proposed  for  its  determination^,  most  of  them 

9*3  o  ?  0 

CH2 

Cl^l^O 


N-cf 

CH2 

Cl  v  1N^0 


iS-L,  - 


Clobazam 


Nor -clobazam 


are  carried  out  by  chromatography,  fluorometry  and  RIA.  The 
present  work  describes  the  polarographic  (D.P.P.)  behaviour  of 
clobazam  and  nor-clobazam.  The  characterization  of  the  electro¬ 
de  processes  includes  an  examination  of  the  degree  of  reversibi 
lity,  electrocapillary  curves,  influence  of  surfactant  agents 
and  the  effect  on  the  peak  current  of  pulse  amplitude,  ionic 
strength,  drop  time,  temperature  and  concentration  of  electroac 
tive  species.  Methods  for  the  polarographic  determination  of 
clobazam  and  nor-clobazam  are  proposed. 

Results 

Different  types  of  peaks  were  obtained  depending  on  the 
pH .  Clobazam,  in  Br itton-Robinson  buffer  exhibits  an  anodic 
peak  at  0.05  V,  well  defined  for  pH  values  in  the  2-7  range, 
and  another  cathodic  peak  at  -1.41  V,  observed  at  pH  values 
above  5.  Nor-clobazam  shows  only  an  anodic  peak  at  -0.05  V  and 
its  intensity  reaches  maximum  values  for  pH  lower  than  4.  The 
influence  of  ionic  strength  was  studied  by  adjusting  with  the 
buffer  itself.  It  was  observed  that  intensity  reached  maximum 
and  practically  constant  values  between  0.05-0.1  M  (clobazam), 
0.02-0.1  M  (nor-clobazam),  and  decreased  for  higher  concentra 
tions. 

The  effect  of  pulse  amplitude  was  studied  for  both  ben¬ 
zodiazepines,  in  the  +100  mV  range.  For  values  less  than 
+40  mV  there  was  a  linear  peak  height  dependence,  in  agreement 
with  the  theoretical  predictions* .  The  influence  of  temoeratu- 
r e  was  studied  between  10-60°C.  The  peak  height/temperature 
coefficients  for  all  the  peaks  have  negative  values.  Such  be¬ 
haviour  suggests  the  existence  of  an  adsorption  processes. 
F^^hermore,  the  peak  height  does  not  vary  linearly  with 
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The  peak  currents  exhibit  a  dependence  on  the  clobazam  and 
no^-c^2S45£ffi-S2S£Sil££4£i2S^  which  resembles  a  Langmuir  adsorption 
isotherm;  a  linear  relationship  was  obtained  for  values  lower 
than  4.0x10”*  M  (clobazam)  and  l.OxlO-4  M  ( nor -clobazam) .  In  or¬ 
der  to  confirm  the  existence  of  adsorption  phenomena,  the  clec- 
trocapillarv  curves  for  the  different  species  in  solution  we¬ 
re  obtained.  The  results  show  that  the  curves  corresponding  to 
the  solutions  of  benzodiazepine  are  modified  with  respect  to  the 
background  curve,  with  a  decrease  in  the  electrocapillary  maxi¬ 
mum  and  a  shift  towards  more  positive  potentials. 

The  reversibility  of  the  electrodic  processes  was  studied 
using  the  criteria  of  Birke  et  al.3.  From  the  results  obtained 
it  may  be  concluded  that  the  electrodic  processes  involving  clo 
bazam  and  nor -clobazam  are  quasi-reversible.  The  same  conclusion 
is  reached  when  working  with  conventional  polarography, 
log  i/i^-i  vs  E.  In  view  of  the  linearity  between  peak  intensi¬ 
ties  and  benzodiazepine  concentrations  it  is  posible  to  determi¬ 
ne  clobazam  and  nor -clobazam  by  differential  pulse  polarography. 

The  presence  of  a  cathodic  peak  at  -1.41  V  corresponding 
to  clobazam  and  the  absence  of  such  a  peak  for  nor -clobazam 
means  that  in  principle  it  is  possible  to  determine  clobazam  in 
the  presence  of  its  metabolite.  Furthermore,  the  differences 
observed  in  the  behaviour  of  both  benzodiazepines  against  pH 
can  be  used  for  the  same  purpose,  since  in  very  acid  media  the 
intensity  of  the  anodic  peak  of  clobazam  reaches  a  maximum  and 
that  of  the  peak  corresponding  to  its  metabolite  a  minimum. 
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POLAROGRAPHY  OF  CIMETIDINE  AND  RANITIDINE 
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Cimetidine (I)  and  ranitidine (II)  are  the  two  effective 
H2*receptors  antagonists  of  histamine  that  are  now  largely  pres 
cribed  in  the  treatment  of  gastric  and  duodenal  ulcer  patients. 


N-C5N 

II 

CH£  XNH  ^  SNH— CH3 

(I)  Cimetidine 


f  \  ST0’ 

ch3^  N"ch2'\0/'ch2/  ^CHj,  Njh^  ^nh-ch3 

(II)  Ranitidine 

Polarographic  Behaviour  of  Cimetidine 

The  test  proposed  by  Feigl1  for  the  identification  of 
N-Cyano  compounds,  based  on  the  chemical  reduction  of  the 
cyanoimino  group  by  Zn  in  a  strong  acid,  suggested  the  possi¬ 
bility  of  the  polarographic  reduction  of  cimetidine.  We  first 
investigated  the  polarographic  behaviour  of  cimetidine  to  es¬ 
tablish  the  optimal  conditions  for  analysis  of  this  compound2. 
However,  our  efforts  to  clarify  the  polarographic  process  we¬ 
re  unnecessary  considering  the  recent  publication  by  Webber 
et  al.3.  These  authors  studied  the  reduction  of  cimetidine  in 
0.1  M  HC1  by  square-wave  and  cyclic  voltammetry  and  indicated 
that  direct  current  (dc) ,  normal  pulse  and  differential  pulse 
polarography  were  not  useful  for  analytical  purposes?  this  is 
not  surprising  in  view  of  the  0.1  M  HC1  solution  used  as  su¬ 
pporting  electrolyte.  They  proposed  that  the  reduction  of  ci¬ 
metidine  involves  a  4e"  4H+  (2-step)  reduction  of  the  cyano 
group  to  the  corresponding  methylamine,  in  contrast  to  the 
chemical  reduction  of  N-cyano  compounds  which  leads  to  the 
release  of  hydrogen  cyanide.  We  found  no  evidence  of  HCN  fo£ 
mation  in  the  coulometric  reduction  of  cimetidine. 

Our  results  show  that  when  the  supporting  electrolyte 
is  a  strong  acid,  such  HC1,  HC104,  H2S04  or  H3P04,  in  ade- 


10261 


quate  concentration,  the  wave  obtained  in  the  dc  polarographic  r 
duction  of  cimetidine  is  defined.  The  acid  concentration  influen 
ces  the  E\/2'  Ili»  and  morphology  of  the  wave;  only  in  the  0.5- 
1.0  M  HCl  concentration  range  the  wave  is  well-defined.  The  diffu 
sional  characteristics  of  the  reduction  wave  of  cimetidine  in  1M. 
HCl  (E, /2“”0*80  V,  vs  SCE)  have  been  investigated.  Results  show 
that  trie  polarographic  process  in  controlled  by  the  rate  of  diffu 
sion  of  cimetidine  toward  the  electrode  surface. 

Instead  of  conventional  dc  polarographic  wave  first  deriva¬ 
tive  curve  may  be  obtained  and  the  corresponding  peak  current 
advantageously  used  for  analytical  purposes.  A  method  for  the 
polarographic  determination  of  cimetidine  in  the  4-80  jag/ml  ran¬ 
ge  with  a  coefficient  of  variation  of  1.3%  has  been  developed 
and  further  applied  to  the  determination  of  cimetidine  in  tablets 
The  results  obtained  by  the  dc  polarographic  method  agree  with 
those  obtained  by  an  aqueous  potentiometr ic  titration  of  cimeti¬ 
dine  with  HCIO4  using  the  Gran  graphic  method  to  estimate  the 
end  point. 

Polarographic  Behaviour  of  Ranitidine 

In  the  polarographic  reduction  of  ranitidine  three  waves 
may  be  observed  whose  E1/5  an^  I 3lim  are  strongly  dependent  on 
the  pH  of  the  solution  (Table  1) . 


Table  1 


Influence  of  pH  on  the  polarographic  reduction  of  ranitidine 
Wave  pH  range  El/2  ~pH  dependence 


1st  0.8  <pH<  2.7 

2nd  1.5/  pH  <11 

3rd  4.1<  pH<  7.0 


El/2  —0*195  -  0-095  PH 
El/2  s-0*57  "  °-067  pH 
E1/S>  m~1- 09  ~  0.052  pH 


First  and  second  wave  are  due  to  the  reduction  of  the 
protonate,  *CH-N02H+,  and  unprotonated,  «CH-N02,  nitroethene 
group  of  ranitidifie,  pKa»2.3  4.  The  origin  of  the  third  wave 
is  unknow. 


The  characteristics  of  the  second  and  third  waves  are 
studied  in  acetic  acid-sodium  acetate  medium  (first  wave 
does  not  appear) ;  results  pointing  to  the  existence  of  ad¬ 
sorption  phenomena  in  the  reduction  of  the  nitro  group,  the 
diffusive  characteristics  of  the  third  wave  and  the  irrever 
sible  nature  of  both.  Coulometry  is  used  to  determine  the  ~ 
number  of  electrons  involves  in  the  nitro  group  reduction. 

The  analytical  usefulness  of  the  polarographic  reduc¬ 
tion  of  ranitidine  in  acetic  acid-sodium  acetate  medium 
(e1/2  *-0.90  V  vs  Ag/AgCl)  is  evidenced  by  appliying  it  to 
the  determination  of  this  compound  by  d.c.  ( 2 . 5xlO"5-5xlO_4M 
range)  and  d.p.p.  (2.6x10”’  -  2x10”^  M  range).  For  a  standard 
solution  of  ranitidine  8.75xl0"6  M  the  R.S.D.  of  the  method 
is  2.7%. 


1 1* 
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The  determination  of  Guthion,  S- (3 , 4-dihydro-4-oxobenzo 
[dj  -(1, 2,3) -triazin-3yl-methyl)  0,0 '-dimethyl  phosphor odithioa- 
te  was  proposed  by  Bates!  using  cathode  ray  polarography  for 
the  analysis  of  this  pesticide  in  apples,  pears,  cucumbers  and 
tomatoes  using  a  supporting  electrolyte  of  0.05  M  KC1/0.01  M 
CH3COOH/60%  acetone,  pH  3.8.  In  this  medium  guthion  produced 
a  wave  at-0.83  V  (v.s.  S.C.E.).  The  limit  of  detection  was  quo¬ 
ted  to  be  0.1  ^jg/ml.  This  author  suggested  that  the  wave  must 
be  due  to  the  reduction  of  the  carbonyl  group. 

This  communication  reports  on  polarographic  studies  (DC 
and  DPP)  of  guthion  reduction  in  20%  (v/v)  Me0H/H20, 

Br itton-Robinson  buffer;  the  results  showed  that  the  pesticide 
gives  rise  to  two  reduction  waves.  The  electrochemical  beha¬ 
viour  of  the  guthion  was  interpreted  according  to  the  polaro¬ 
graphic  data  and  with  the  aid  of  other  techniques  (coulometry, 
spectrophotometry) . 

RESULTS  AND  DISCUSSION 

The  first  wave  (1^)  appears  in  acid  media,  pH«l,  while 
the  second  one  ( I 2 )  appears  at  pH  2.4.  The  height  of  Ii  is 
constant  and  independent  of  time  up  to  pH*9;  the  half-wave  po¬ 
tential  is  shifted  to  more  negative  values  at  pH<9,  the 
e1/2~Ph  relationship  was  found  to  be  Ei/2'"° • 432-0 . 058  pH. 

The  I2  wave  exhibits  a  maximum  in  DC  and  a  minimum  in 
DPP,  its  intensity  being  constant  and  independent  of  time; 
the  half-wave  potential  is  pH-independent.  At  pH  values  above 
9  the  shift  of  the  1^  to  more  cathodic  Dotentials  leadsto  a 
wave  overlap,  thereby  a  wave  sum  of  Ij  I2  is  obtained. 

In  0.1  M  NaOH  medium  the  height  of  the  wave  sum  decreases 
with  time  due  to  hydrolysis  of  the  pesticide.  After  3  hours, 
an  anodic  wave  (DC)  appears  due  to  the  di thiophosphate  produ¬ 
ced,  together  with  two  poorly-defined  cathodic  waves  of  weak 
intensity;  the  more  cathodic  one  is  due  to  the  formaldehyde 
generated  during  hydrolysis. 

The  further  polarographic  studies  were  carried  out  at  a 
pH  close  to  5.  In  this  medium,  an  increase  in  the  MeOH  concen¬ 
tration  produces  a  shift  in  the  half-wave  potential  of  I2  to 
more  cathodic  values  and  the  maximum  disappears. 

An  increase  in  temperature  enhances  the  I2  wave  maximum, 
its  temperature  coefficient,  in  presence  of  Triton  X-100, 
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being  0.98%.  Under  same  conditions,  the  I.  wave  has  a  coefficient 
of  1.66%. 

The  results  obtained  upon  va -ying  drop  time  (Table  I)  and 
the  base  pulse  show  that  only  the  first  wave  is  diffusion  con¬ 
trolled  . 


Table  I 


DC,  log  i/log  t  0.172  0.254 


DPP,  log  ip/log  t  0.668  0.348 


Owing  to  the  poor  definition  of  I2  in  the  absence  of  Tri¬ 
ton  X-100 ,  logarithmic  analysis  was  only  carried  out  for  Iij 
it  was  found  that  the  reduction  process  is  irreversible;  trie 
value  of  not  is  1.35  and  the  number  of  protons  exchanged  in 
the  controlling  electrode  reaction  is  one. 

The  relationship  between  the  wave  heights  and  guthion 
concentration  was  determined  for  different  drop  times  in  both 
the  presence  and  absence  of  Triton  X-100.  For  1^,  the  rela¬ 
tionship  was  linear  both  in  DC  and  DPP.  For  I2,  linear  rela¬ 
tionship  are  found,  both  in  the  presence  and  absence  of  the 
tensoactive  agent,  only  for  concentrations  lower  than  3.0.10-4M. 
For  higher  concentrations  I2  tends  to  a  constant  value.  The  de¬ 
tection  limits  (3s)  using  DPP  are  1.3.10“7M  for  I-.  and 
3 . 4 . 10“”M  for  I2. 

In  order  to  determine  the  mechanisms  of  the  electrodic 
reactions  a  coulometric  study  was  carried  out  at  potentials 
of  the  limiting  currents  of  Ij  and  I2  for  different  pesticide 
concentrations, The  change  of  wave  heights  and  of  the  UV  absorp¬ 
tion  spectra  for  the  pesticide  and  for  the  species  generated 
during  the  electrolysis  was  followed.  When  the  electrolysis 
was  carried  out  at  the  potential  of  the  limiting  current  of 
II  the  decrease  of  wave  I2  was  parallel  to  that  lj_.  Simulta¬ 
neously,  two  anodic  waves  appear  .  If  these  products  are  left 
in  contact  with  the  air,  the  two  reduction  waves  are  regenera¬ 
ted  and  only  one  anodic  wave  remains;  on  the  other  hand  the 
formation  of  a  black  layer  over  the  mercury  pool  was  also  ob¬ 
served. 

The  possible  mechanism  of  the  electrode  reactions  is  pos¬ 
tulated  and  a  new  method  for  the  determination  of  the  pestici¬ 
de  is  proposed. 
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Aluminium  deposition  on  platinum  and  gold  policrystalline  electrodes  and 
vitreous  carbon  electrode  frcm  AlCl^-Nad  and  AlCl^-KCl  melts  was  investigated 
using  linear  sweep  volfcanroetry  (LSV)  and  potential  step  techniques,  as  a  func¬ 
tion  of  melt  composition  (ranging  from  50.0  to  52.0  molar  %  of  AlCl^)  and  tear* 
perature  applied  (200-300°C) . 

The  cell  arrangement  and  method  of  preelectrolysis  of  melt  was  explained 
elsewhere1. 

LSV  results  obtained  at  264°C  from  equimolar  AlCLj-NaCl  and  AlCl^-KCl  me¬ 
lts  on  three  electrodes  used  are  presented  in  Fig.l. ,  (a)  and  (b) .  Generally 
speaking  voltamnogram  features  obtained  for  one  and  the  same  electrode  materi¬ 
al  under  the  same  experimental  conditions  in  both  electrolytes  used  are  almost 
identical,  except  far  the  current  densities  which  are  somewhat  smaller  in  the 
case  of  AlCl^-KCl  melt.  It  appears  that  gold  and  platinum  electrodes  cure  being 
easel ly  allayed  by  aluminium  already  in  UPD  region  (starting  at  0.5V  vs.  Al) 
which  is  identified  by  several  cathodic  and  anodic  waves1'  Observable  diffe¬ 
rence  appears  in  the  aluminium  overpotential  region  on  vitreous  carbon  electr¬ 
ode  in  AlCl^-NaCl  melt,  where  cathodic  currents  exhibit  sings  of  two  successi¬ 
ve  processes.  First,  most  probably,  is  aluminium  deposition  from  AljCl^  speci¬ 
es  (whose  concentration  depends  strongly  on  AlCl,:NaCl(KCl)  ratio)  and  the  se- 
cond  aluminium  deposition  frcm  Ald^  species  . 

Fig. 2.,  (a)  and  (b) ,  represents  j-t  transients  due  to  single  potential 
step  applied  to  the  same  three  electrodes  in  both  melts,  under  the  same  expe¬ 
rimental  conditions  as  presented  in  Fig.l.  It  appears  quite  evident  that  Al 
with  Pt  and  Au  forms  several  types  of  alloys  both  in  UPD  and  OPD  region,  be¬ 
fore  bulk  Al  starts  depositing.  Reduction  of  Alz+  species  in  the  UPD  region 

is  easelly  observed  in  the  form  of  cathodic  j-t  transients  as  a  response  to 
★ 

Materials  Research  and  Development  Institute,  Energo invest,  Sarajevo, 
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Fig.l. 


(a)  NaAlCI^  ,  J 
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potential  steps  whose  amplitude  is  as  much  as  300  mV  more  positive  then  the 
"reversible  potential"  of  bulk  aluminiisn  in  the  same  melt.  In  the  case  of  vit¬ 
reous  carbon  electrode  cathodic  rising  j-t  transients  cure  observed  only  in  the 
over  potential  A1  deposition  region.  It  is  not  difficult  to  recognize  two  sort 
of  those  transients:  one  which  reaches  wtat  appears  to  be  a  diffusion  control 
behaviour  at  aver  potentials  higher  then  -40  mV  vs.Al,  and  second  one  which  re¬ 
aches  diffusion  control  only  above  -900  ntV  vs.  Al.  First  type  of  j-t  transie¬ 
nts  most  probably  reflect  aluminium  deposition  from  AJ^Cl^  species,  and  deta¬ 
iled  aralysis  of  its  initial  rising  portion  shows  j-t^  relationship,  which  wo¬ 
uld  sujjest  progressive  3D  nucleation  and  growth  oontroled  by  crystal  lattice 
building  step. 

Fig. 3.  shows  typical  LSV  and  potential  step  results  obtained  on  vitreous 
carbon  electrode  in  AlCl^-NaCl  melt  of  composition  52  mol  %  AlCl^  -  48  mol  % 
NaCl  at  200°C.  Above  mentioned  observations  are  readily  recognized. 


52  mol  7.  AIC13-  48 mol  V.  NoCl 
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INTRODUCTION 

During  the  anodic  dissolution  of  metals  in  different  media, 
salt  formation  on  the  surface  of  the  electrode  occurs.  Although 
this  phenomenon  is  known  since  a  long  time  ago  its  mechanism  has 
not  been  completely  elucidated  yet.  The  purpose  of  this  work  is 
to  investigate  the  salt  formation  and  dissolution  processes  under 
stationary  and  transient  conditions  of  non-noble  metals  such  as 
iron  in  (NH4)2S04  at  pll  =  2. 

EXPERIMENTAL 

The  stationary  polarization  curves  of  a  rotating  disk  elec¬ 
trode  show  a  constant  current  region,  I l ,  between  -0,4  and  0.2  V 
vs  SCE  which  depends  on  the  rotation  speed,  w.  This  current  was 
measured  as  a  function  of  w,  the  concentration  of  FeS04  and 
( NH4 )  2SO4  in  solution  at  different  temperatures,  T,  in  the  range 
273  K  <  T  <  313  K. 

The  process  of  salt  formation  was  investigated  through  the 
current  and  potential  responses  to  a  potential  or  current  step, 
respectively,  from  the  rest  potential  to  a  region  corresponding 
to  the  constant  current  in  the  polarization  curve. 

Auxiliary  techniques  such  as  scanning  electron  microscopy, 
SEM,  EDAX  and  X-Ray  diffraction,  were  employed  in  an  attempt  to 
identify  the  salt  film  formed. 

RESULTS  AND  DISCUSSION 

1/2 

The  current  density,  i[_,  depends  linearly  on  u  .  The  slope 
decreases  with  C(NH4)2S0a  and  with  Cpecg4.  The  latter  dependence, 
assuming  that  the  current  is  determined  by  the  dissolution  of 
the  salt,  allows  to  determine  by  extrapola  ti  on  to  i|_  =  0,  the 
saturation  concentration,  Cs,  of  the  salt  and  the  diffusion  co¬ 
efficient  of  the  Fe(II)  ion. The  temperature  dependence  of  Cs  allows 
the  heat  of  solution  to  be  estimated.  These  data  and  the  infor¬ 
mation  obtained  with  the  auxiliary  techniques  suggest  the  salt 
present  on  the  electrode  is  FeS04,7H20. 

The  potent i a  1  - 1 i me  response  shows  the  appearance  of  a  tran¬ 
sition  time.  The  SEM  pictures  show  that  a  salt  film  is  forming 
during  the  transient.  However  at  the  end  of  the  transient,  when 
the  potential  goes  to  very  positive  values,  structures  suggest¬ 
ing  the  presence  of  y-FeOOH  appear. 
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The  shape  of  both  potentlostatlc  and  galvanostatlc  tran¬ 
sients  can  be  Interpreted  with  a  model  of  heterogeneous  nuclea- 
tion  and  growth  from  the  solution.  By  fitting  the  model  to  the 
experimental  data  the  oversaturation  can  be  evaluated.  The  Tafel 
plots  obtained  from  the  fit  ranging  between  0,14  and  0.16  V/deca, 
de  without  ohmic  correction. 

The  present  results  therefore  support  the  mechanism  of  nu- 
cleation  and  growth  controlled  by  diffusion  for  the  precipitation 
of  salt  films  on  non-noble  dissolving  metals. 
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INTRODUCTION 

The  corrosion  and  passivation  of  iron  In  aqueous  solutions 
containing  carbonate  is  of  Importance  in  relation  to  the 
behaviour  of  the  metal  in  contact  with  aqueous  system  absorbing 
carbon  dioxide.  The  publications  on  the  subject  concern  mainly 
with  static  iron  samples1^  and  the  Influence  of  the  hydro- 
dynamic  condl tions3 .4 .  Iron  samples  in  solution  containing 
carbonate  ions  undergo  different  processes  which  also  affect 
the  susceptibility  to  an  enhanced  attack  under  corrosion  fatigue 
or  stress  corrosion  cracking  condi t1ons5»6.  Apparently,  the 
active  to  passive  transition  of  iron  In  carbonate-bicarbonate 
electrolytes  implies  the  competitive  formation  of  a  prepassive 
hydrous  iron  oxide  and  a  salt  layer7. 

This  paper  refer  to  the  phenomenology  of  the  dissolution, 
prepassivation  and  passivation  of  iron  In  carbonate-bicarbonate 
solutions  at  different  temperatures,  ionic  strenght  and  pH,  pay¬ 
ing  particular  attention  to  mass  transport  contribution  to  the 
overall  anodic  process. 


EXPERIMENTAL 

Runs  were  made  with  polycrystalline  iron  (Specpure, 
Johnson  Matthey  Chem.  Ltd.)  rotating  disc  electrodes.  The 
experimental  setup  was  the  same  described  in  previous  publica¬ 
tions7.  The  composition  of  the  electrolyte  solutions  was  x  M 
KHCO3  +  y  M  K2CO3,  0.005  <  x  <  2.5  and  0.005  $  y  *  2.5.  Solu¬ 
tions  were  prepared  from  analytical  grade  chemicals  and  bl- 
distil  1 ed  water,  previously  boiled  to  remove  CO2.  Vol tammetrlc 
runs  were  made  at  potential  sweep  rates  (v)  in  the  0.001  to 
0.25  V/s  range.  The  rotation  speed  of  the  rde  (w)  was  varied 
in  the  0  to  2580  rpm  range.  Potentials  in  the  text  are  given 
In  the  NHE  scale.  SEM  observations,  EDAX  and  el ectron-probe 
microanalysis  were  performed. 

RESULTS 

Vol tammograms  run  at  25°C  between  -0.98  V  and  0.23  V  at 
0.025  V/s  in  quiscent  solution  of  pH  8.9  exhibit  three  anodic 
peaks  (I,  II  and  III)  In  the  -0.65  to  0.15  V  range  and  the 
cathodic  peaks,  one  poorly  defined  at  ca.  -0.4  V  (peak  IV)  and 
another. one  at  ca.  -0.8  V  (peak  V),  which  preceds  the  hydrogen 
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evolution  reaction.  In  the  active  to  passive  transition,  both 
the  charge  and  hlght  of  peak  II  Increase  considerably  with  w, 
but  those  of  peak  I  appears  Independent  of  w. 

In  the  0-75°C  range,  the  height  of  peak  II  (1p,n)  Increases 
linearly  with  w*  In  the  whole  range  of  v  covered  in  this  work. 

At  constant  v,  T  and  pH,  a  linear  In  n  vs.  w*  relationship  Is 
observed,  the  slopes  of  the  straighlines  Increase  accordingly  to 
the  Ionic  strength.  The  lines,  however,  do  not  Intercept  the 
origin  of  coordinates  as  peak  II  is  recorded  also  in  still  solu¬ 
tions.  At  constant  pH,  v  and  w,  the  height  of  peak  II  Increases 
linearly  with  KHCO3  (or  K2CO3)  concentration  in  solution.  On  the 
other  hand,  at  a  constant  v,  the  charge  (Qp,n)  related  to  peak 
II  increases  linearly  with  w*,  but  at  a  constant  w.  It  Increases 
linearly  with  v-1.  For  the  latter,  the  value  Qp,n  extrapolated 
to  v  +  •  (0.7  mC/cm2)  can  be  assigned  to  the  formation  of  the 
first  passivating  layer. 

At  constant  w,  both  ip  u  and  Qn.ii  fit  linear  relationships 
with  the  ionic  strength,  being  the  slopes  close  to  one.  At 
constant  ionic  strength,  both  ip,n  and  Qp,II  are  independent  on 
pH. 

Specimens  previously  held  during  60min  in  the  potential 
range  of  peak  II  reveal  the  presence  of  carbonate  species  In  the 
film. 


DISCUSSION 

The  active  to  passive  transition  of  iron  in  carbonate- 
bicarbonate  solutions  involves  at  least  two  stages.  The  first 
one,  associated  with  peak  I,  occurs  In  the  potential  range 
where  only  Fe(II)  species  are  expected  as  reaction  products.  The 
small  charge  involved  in  peak  I,  can  be  assigned  to  the  prepas¬ 
sive  layer,  probably,  a  hydrous  ferrous  hydroxide  layer. 

The  second  stage,  related  to  peak  II,  implies  a  mass 
transport  from  the  solution  coupled  to  the  proper  electro¬ 
chemical  reaction.  The  iron  electrodissolution  through  the  pre¬ 
passive  layer  increases  both  the  thickness  of  film  and  the 
concentration  of  Fe2+  and  anions  at  the  Interface.  At  least 
three  processes  occur  simultaneously  within  the  potential  range 
of  peak  II,  the  grow  of  the  Fe(0H)2  layer,  the  precipitation  of 
FeC03  and  the  partial  removal  of  FeC03  from  the  surface  by  a 
chemical  reaction.  The  latter  is  controlled  by  the  concentration 
of  protons  at  the  Interface.  The  latter  is  determined  by  the 
metal  dissolution  yielding  Fe(0H)2  and  the  various  equilibria 
related  to  Fe2+,  HC03"  an<*  CO32-  ions. 
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The  electrodeposition  of  foreign  atoms  in  the  monolayer  and 
submonolayer  level  on  noble  metals  has  been  extensively  investi¬ 
gated  in  relation  to  electrocatalysis,  heterogeneous  catalysis 
and  galvanic  processes.  Polycrysta 1 1 ine  Rh  in  acidic  solutions 
has  been  also  examined  as  catalyst  for  organic  fuel  combustion 
due  to  its  dehydrogenation  ability,  but,  in  this  case,  only  a 
relatively  small  attention  was  paid  to  the  behaviour  of  adatoms. 

This  work  refers  to  the  electrochemical  behaviour  of  Rh 
electrodes  in  1  M  H2SO4  in  the  presence  of  Ag  electrodeposi ted 
under  different  preset  potentials  at  temperatures  in  the  0°C  and 
65°C  range.  Polycrystalline  rhodium  wi res (Johnson  Matthey  and  Co) 
of  0,59  cm2  geometrical  area  were  used  as  working  electrode. 
Silver  electrodeposition  was  made  either  under  a  slow  potential 
sweep  or  at  a  constant  potential,  ET,  for  different  periods  of 
time,  t.  Values  of  Et  were  set  either  more  positive  or  more  ne¬ 
gative  than  the  reversible  Ag/Ag*  (x  M,  y°C)  electrode,  Er,  to 
investigate  both  UPD  and  the  early  stage  of  bulk  Ag  electrode¬ 
position.  Base  electrolyte  was  1  M  H2SO4  added  to  Ag2S04  in  the 
range  of  10*6  to  10-4  m.  Most  of  the  experiments,  however,  were 
performed  with  10-5  m  Ag2S04.  As  Er  for  Ag/Ag+  10*5  m  at  25°C  is 
0.534  V  vs  RHE,  the  UPD  of  Ag  on  Rh  electrodes  occurs  very  close 
ly  to  the  beginning  of  the  OH-electroadsorption  on  Rh.  To  inve£ 
tigate  the  influence  of  the  oxidized  surface  on  Ag  electrodepo¬ 
sition  runs  on  prereduced  Rh  and  on  partially  oxidized  Rh  were 
performed.  The  Ag-Rh  interactions  were  followed  vol tammetrical ly. 
Combined  linear  sweeps  and  potential  steps  were  applied  to  study: 
i)  H-adatom  electrodesorption  in  the  presence  of  different  amounts 
of  electrodeposi  ted  Ag ;  ii)  bulk  phase  formation  Ag  at  Et  <  Er". 
iii)  UPD  Ag  electrooxidation  after  adsorption  on  a  previously 
reduced  or  partially  oxidized  Rh  surface;  iv)  the  influence  of 
the  remaining  oxide  after  Ag  electrodeposition;  and  v)  the  total 
oxide  electroreduction  charge  after  Ag  electrooxidation. 

The  results  can  be  summarized  as  follows: 

1.  Ag  electrodeposition  on  Rh  can  produce  either  a  submonolayer 
or  a  bulk  phase  accordingly  to  ET  and  x  values, 

2.  UPD  Ag  on  Rh  is  characterized  by  two  anodic  stripping  cur¬ 
rent  peaks  (peaks  I  and  II)  appearing  in  the  potential  range 
of  O-electroadsorption. 

3.  After  relatively  long  electrodeposition  times,  peak  I  becomes 
a  shoulder  of  peak  II, 

4.  As  it  is  already  known  for  Pt,  the  Ag  UPD  on  Rh  inhibits  the 
electroadsorption  of  H-adatoms. 


Cutrtnt/(m  A)) 
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5.  Silver  UPD  on  a  Rh  surface  containing  O-adatoms,  the  H-adatom 
electroadsorption  charge  decreases  and  simultaneously,  the 
H-adatom  electrodesorption  potential  appears  at  lower  poten¬ 
tials. 

6.  When  peak  II  and  that  of  bulk  Ag  stripping  are  recorded,  the 
O-electrodesorption  charge  increases  ca.  20  percent  and  the 
corresponding  voltammetric  peak  becomes  wider, 

7.  On  previously  reduced  Rh,  peak  I  is  firstly  formed,  whereas 
peak  II  appears  at  longer  times. 

8.  On  a  Rh  surface  partially  covered  by  O-adatoms,  peak  II  ap¬ 
pears  as  overlapping  the  O-electroadsorption  on  the  remain¬ 
ing  bare  Rh  surface,  In  this  case,  peak  II  is  observed  at 
times  shorter  than  that  corresponding  to  3, 

9.  The  increase  in  temperature  causes  a  greater  separation  of 

the  potentials  of  stripping  peaks  I  and  II,  due  to  the  shift 
of  peak  II  towards  more  positive  potentials  as  T  is  raised, 

10.  As  the  temperature  decreases  the  overlapping  of  peaks  I  and 

II  is  observed,  so  that  a  single  wide  voltammetric  peak  is 

recorded. 

The  analysis  of  these  results  yields  information  about  the 
silver  deposition  on  rhodium  under  non-equilibrium  conditions 
in  the  presence  and  in  the  absence  of  rhodium  oxides  species  in 
the  surface. 


Fig.  I.-  Vol tamnograms 
ini  W  H2SO4  after  Ag* 
deposition  on  Rh  at 
0,03  V  different  t. 

10-5  14  Ag2S04,  0.1  V/s, 
25°C . 
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Fj_2L*  3.-  V o  1  tammograms  of  upd  Ag  on  Rh  in  1  M  I^SOa  at 
*  different  temperatures.  10  5  H  Ari2S04-  0.05  V 
a)  0°C,  b)  45°C . 
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In  solutions  analyzed  for  trace  metal  elements  nitrates  are  frequent¬ 
ly  present,  as  nitric  acid  is  added  to  stabilize  the  solutions*  Nitra¬ 
tes  are  electro-active,  and  thus  can  influence  electroanalytical  deter¬ 
minations  of  heavy  metal  ions.  If  electrolysis  is  prolonged,  the  con¬ 
centration  of  nitrates,  as  well  as  pH,  can  change,  and  new  species  can 
form,  like  nitrites,  nitric  oxides,  ammonium  cation,  and  ammonia.  These 
secondary  products  can  act  as  oxidants,  reductants,  and  complexiag  ag¬ 
ents  for  heavy  metal  ions  and  atoms  present  respectively  in  solution, 
and  on  the  electrode.  Thus,  nitrates  are  not  chemically  neutral  in  el¬ 
ectroanalytical  determinations.  Their  interfering  role  will  increase, 
the  longer  is  electrolysis  time,  and  the  smaller  is  the  concentration 
of  a  metal  trace  to  be  determined. 

In  several  recent  analytical  papers  a  controversy  arose  concerning 
a  low  concentration  limit  in  trace  metal  electrodepositions  and  pre¬ 
concentrations.  It  was  experimentally  found  that,  despite  of  long 
electrolysis  time,  a  small  concentration  of  the  metal  ion  remains  in 
solution.  This  residual  concentration  is  several  orders  of  magnitude 
higher,  than  would  follow  from  the  Nernst  equation  of  equilibrium  po¬ 
tentials.  A  model  was  published  according  to  which,  in  presence  of  de¬ 
posit  covered  electrode,  the  solution  will  contain  an  equilibrium  con¬ 
centration  of  depositing  metal  ions: 

ceq=k2/k1  (1) 

where  k1  is  a  specific  rate  constant  of  electrodeposition  (ce)s~J),  and 
k~  is  a  specific  rate  of  deposited  metal  dissolution  (raolca-  s”  ).  By 
measuring  independently  c  ,  k. ,  and  k?,  it  is  possible  to  confirm 
equation  (  1 ) .  e<l  • 


EXPERIMENTAL 

Standard  solution:  0.10  M  Na_S0  (Merck,  Suprapur  of  max.  1x10”:$  Cu) 
in  distilled  water,  acidifiea  ^to  pK=2  by  nitric  acid  (pro  analysis). 
Electrolysis:  constant  current,  in  beakers  with  150  ml  solution2mixed 
by  magnetic  stirrer.  Copper  foil  of  active  surface  area  12.0  cm  was 
cathode,  platinum  wire  -  anode. 

Analysl s:  electrolytic  solution  samples  were  analyzed  for  Cu  using 
Ferkin-Elmer  503  Flame  and  Pye-SP9  Furnace  AAS  Instruments  at  324.3 
nm.  Deuterium  lamp  background  correction  was  applied.  Copper  foil  dis¬ 
solution  experiments  were  monitored  by  square-wave  voltammetry  on  IBM 
XC225a  Voltammetric  Analyzer  and  PARC  Model  3^3  Static  Mercury  Drop 
Electrode,  and  were  confirmed  by  ICP-AES. 
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RESULTS  AND  DISCUSSION 

It  was  reported  earlier  that  during  cathodic  polarization  of  copper 
foil,  Cu(II)  equilibrium  concentration  was  generated  in  solution  .  This 
experiment  has  been  now  repeated  with  better  analytical  control  of  the 
solution.  The  measured  equilibrium  concentrations  fall  in  the  range: 

40  ♦  80  jig  Cu  1  ,  l.e.  0.6  ♦  1.2  yM,  asis  shown  in  Table  1.  Cathodic 

current  density  (c.d.)  of  8  and  33  mA.cm  has  been  applied,  and  the 
respective  copper  cathode  potentials^were:  -1.02  and  -1.40  V  jfs.  SCE. 

A  change  of  c.d.  from  8  to  33  mA.cm  had  no  apparent  effect  on  the 
level  of  the  measured  equilibrium  concentrations. 

TABLE  1 

Cu(II)  equilibrium  concentrations  in  aerated  standard  solution  during 
electrolysis  with  copper  cathode  (c.d. =33  mA.cm  ).  Concentrations 
determined  by  Furnace  AAS,  each  value  is  a  mean  of  three  determinations. 
Average  RSD  (relative  standard  deviation)  is  a  pooled  value  for  all 
determinations. 


Electrolysis  time/hr  Cu(II) 

concentration/ jig  Cu  l"1 

RSDfc 

1 

46.8 

28.2 

2 

77.2 

9.5 

3 

49.0 

24.7 

4 

65.8 

18.5 

5  (outlayer) 

491.9  (?) 

4.8 

6 

42.6 

3.2 

average  l  without  outlayer) 

56.3 

18.0 

The  equilibrium  concentrations  of  Table  1  fluctuate  with  time.  A 
special  statistical  calculation  was  performed  to  decide,  if  the  ob¬ 
served  differences  are  significant,  or  are  just  manifestations  of  a 
random  error  of  the  determination  method.  Formally  speaking,  at  confi¬ 
dence  level  of  95%t  the  calculated  statistically  significant  difference 
is  18.2  yg  Cu  l"‘,  or  more.  Thus,  the  concentration  values  of  77.2  and 
65.8  may  be  significantly  different  from  46.8  and  42.6  (  outlayer  has 
been  excluded  ).  The  fluctuations  have  a  standard  relative  deviation 
of  26%. 

k  and  k£  magnitudes  and  cg  values,  all  measured  under  standardized 
conditions/  are  required  foreqthe  experimental  confirmation  of  equation 
(1).  Both  k.  and  kp  depend  on  solution  mixing  rate  (m.r.);  c  may  not 
depend  on  m.r.,  ifm.r.  effects  mutually  cancel  in  k-  and  k  e<*ratio  of 
equation  (1).  In  the  present  work  an  arbitrary. m.r.  w as  applied,  and 
k  was  approximately  determined  as  3X10--5  cms  from  kinetics  of  Cu(II) 
electrolysis  at  35°C. 

The  dissolution  of  conger. foil  immersed  in  aerated  standard  solution 
gave  kp=3«0x10-  molcm  s~  at  21 °C.  It  was  also  found  that  k,  is 
strongly  temperature  dependent,  and  increases  on  average  20%  per  °C  in 
the  range  of  6.5  to  45.5°C.  On  the  other  hand,  k_  decreases  substan¬ 
tially,  when  solution  is  de-aerated.  thus  indicating  that  oxygen  plays 
a  significant  role  in_copper  dissolution.  For  the  de-aerated  standard 
solution,  k2=3*5xlO~  molcrn  s”  has  been  determined  at  25°C. 

The  constant  current  electrolyses  have  been  conducted  with  a  consi¬ 
derable  surplus  of  c.d.  concerning  such  reducible  species  as  Cu(II) 
ions  and  the  dissolved  molecular  oxygen.  Hence,  it  is  reasonable  to  as- 
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sume  that  in  the  aerated  solution  electrolyses,  the  concentration  of 
oxygen  in  the  diffusion  layer  was  virtually  zero.  Then,  it  will  be  lo¬ 
gical  to  substitute  into  equation  (1)  k^  measured  for  the  de-aerated 
standard  solution. 

Ideally,  all  the  variables  of  equation  (1)  should  be  measured  at  the 
same  temperature.  Both  c  and  k.  were  measured  at  35  C.  however,  k^ 
for  the  de-aerated  standS?d  solution  was  measured  at  25  C.  Thus,  hu 
should  be  corrected  for  the  +  10°C  temperature  difference,  which  pro¬ 
bably  would  mean  doubling  k.  value.  As  the  following  calculation  is 
approximate,  this  correction  is  neglected.  Substituting  into  equation 
(1)  the  values  of  k.  and  k,  (  for  the  de-aerated  standard  solution  ), 
a  following  estimate  of  the  equilibrium  concentration  is  obtained: 

c  3  1 .2x10~9molcm~^  (2) 

eq  3X10-W1 

The  average  measured  value,  given  at  the  bottom  of  Table  1,  is 

c  =  (0.89  -  0.09)x10_9molcm"3  (3) 

eq 

where  the  confidence  limits  correspond  to  95%  confidence  level,  and 
to  the  total  number  of  determinations  N=15* 

Thus,  there  is  a  reasonable  agreement  between  c  values,  the  first 
of  which  was  calculated  according  to  equation  (l)fqand  the  second  was 
measured  experimentally.  The  important  assumption  leading  to  the  agre¬ 
ement  is  that  of  using  in  the  calculation  kp  determined  for  the  de¬ 
aerated  standard  solution.  If  determined  ror  the  aerated  solution 
is  used  instead,  the  calculated  c  is  one  order  of  magnitude  higher, 
than  the  experimentally  deter.T.ine§qvalue.  This  disagreement  is  due  to 
a  considerable  enhancement  of  copper  dissolution  rate  caused  by  the 
dissolved  molecular  oxygen. 


CONCLUSIONS 

It  has  been  shown  that  during  constant  current  cathodic  polarization 
of  copper  electrode  in  a  standard  solution  of  pH=2  an  equilibrium  con¬ 
centration  of  Cu(II)  ions  in  solution  is  formed  of  around  1  yM.  This 
concentration  is  invariant,  if  c.d.  of  8  or  33  mA.cm"  is  applied. 
Further,  the  equilibrium  concentration  can  be  simply  related,  accor¬ 
ding  to  equation  (1),  to  the  experimental:  specific  rate  constant  of 
Cu(II)  electrodeposition,  and  specific  rate  of  Cu  dissolution  in  de¬ 
aerated  solution. 

The  equilibrium  concentration  fluctuates  with  time,  which  possibly 
means,  in  view  of  equation  (1),  that  the  rates  of  Cu  deposition  and 
cissolution  are  not  stabile,  but  fluctuate  with  time  too. 
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On  the  basis  of  the  Brewer  valence  bond  theory1  and  genaralized  Lewis 
acid-base  reaction^  for  bonding  in  metals,  alloys  and  intermetallic  phases  the¬ 
re  has  been  pointed  aut3  that  whenever  metals  of  the  left-half  of  the  transi¬ 
tions  series  that  have  empty  or  half  filled  vacant  d-orbitals  are  alloyed  with 
metals  of  the  right-half  of  the  transition  series  that  have  internally  paired 
d-electrons  not  available  for  bonding  in  the  pure  metal,  there  arises  well  pro¬ 
nounced  synergism  In  electrocatalysis  for  the  hydrogen  evoluation  reaction 
(h.e.r.),  which  often  exceeds  individual  effects  of  noble  metals  and  each  other 
(the  synergism  condition)  and  approaches  the  reversible  behaviour  at  almost 

equilibrium  potential  within  the  wide  range  of  current  density.  The  Brewer  the- 
1  2 

ory  ’  predicts  that  such  intermetallic  phases  behave  extraordinary  stability 
features  because  of  improved  interorbital  bonding  and  mutual  sharing  of  inter¬ 
nally  paired  electrons.  Such  state  of  the  art  has  suggested  the  investigation 
of  potential  sweep  cycles  (cyclic  voltammetry,  c.v.)  for  deposition  and  dissolu¬ 
tion  of  transition  metals  with  empty  or  half  filled  d-orbitals  upon  d-metals 
with  internally  paired  d-electrons,  and  vice  versa.  Unfortunately,  the  deposi¬ 
tion  of  transition  metals  with  vacant  d-orbitals  is  possible  only  from  fused 
salts.  On  other  hand,  d-metals  with  less  than  five  d-electrons  characterises  a 
rather  strong  bonding  of  oxygen  and  usually  a  pronounced  hydration  and  there¬ 
fore  it  is  not  easy  to  provide  their  clean  metallic  surface  for  deposition  of 
other  adatoms.  Such  electrodepositions  of  transition  metals  with  internally 
paired  d-electrons  upon  the  ones  with  vacant  d-orbitals  so  far  has  rather  scar¬ 
cely  been  investigated  and  appears  Interesting  from  many  points  of  view,  first 
of  all  for  electrocatalysis. 

The  basic  system  in  the  present  paper  has  been  the  deposition  of  Ni  upon 

transition  metals  with  vacant  d-orbitals  (Nb,  Hf,  Ti,  Ta).  According  to  the 

1  2 

bonding  effectivness,  the  Breqr  theory  1  predicts  the  underpotential  deposition 

3 

for  such  d-metal  pairs  . 
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The  c.v.  curves  were  recorded  in  the  potential  region  between  +0.5  to 
-1.5  V.  The  sweep  rate  varried  from  1  to  500  mVs  1 . 

Fig.  1  represents  the  c.v.  curves  of  the  Ni  deposition-dissolution  pro¬ 
cess  at  the  Ni  electrode  from  blank  soln.  (constituents  of  the  Watts  solution 
without  Ni  salts)  curve  1,and  from  Watts  soln  curve  2.  In  the  first  case  the 
c.v.  curve  shows  hydrogene-oxygene  reaction  limits  in  between  of  which  the  ano¬ 
dic  dissolution  peak  of  Ni,  A^ ,  exists  at  -0.28  V.  In  the  second  case  the  catho¬ 
dic  current  arised  at  the  characteristic  value  for  the  Ni/Ni (II)  potential. 

When  the  Ni  working  electrode 

(w.e.)  was  replaced  by  Nb,  the  ('//i 

obtained  c.v.  curve  was  free  //// 

of  anodic  peak  in  the  blank  ^  if! /  . 

solution  (Fig.  2,  curve  1).  1 0.05 jaA  j\  jij  J 

When  the  Watts  soln.  was  ap-  /  J/y 

plied  the  cathodic  current,  0— 

which  corresponds  to  the  Ni  ' (f 

deposit! on, starts  from  some-  //<  / A-2 

what  more  negative  potential  / f  I 

in  relation  to  the  Ni/Ni (II)  }j  I  QW 

value.  When  cathodic  potentials  !/  I  1.  BUHK  SOW. 

becomes  more  negative  the  cur-  '  )  I  lOmVs’1 

rent  after  potential  reversion  j  j 

shows  tendency  to  reach  the  L_! _ ! - i - ► 

-£  0  •£ 

Ni/Ni (II)  potential  making  the 

Iood  on  the  c  v  curves  Onlv  Fig’  J*  C'v‘  aurveB  of  r»^bion/ dissolution 
loop  on  tne  c.v.  curves,  uniy  Qf  H  at  H  eUctpode  fr<m  the  Uattg 

the  first  peak  from  the  two,  and  from  Watts  soln,  without  Si  salts 

A1  and  A2,  significantly  changes  (blank) 


1.  BLAHK  SOW. 
2  WATTS  • 
■i*  10  mV 


Fig.  1.  C.v.  curves  of  reduction/ dissolution 
of  Si  at  Si  electrode  from  the  Watts 
and  from  Watts  soln,  without  Si  salts 
(blank) 


in  height  by  the  change  of  the  cathodic  limit  towards  more  negative  potentials. 

more 

The  peak  A2,  at  the  somewhat  positive  potential  in  relation  to  the  peak  A^  is 
bed  developed  and  cancels  completly  in  some  experimental  condition.  Its  peak 
current  was  desturbed  by  some  gaseous  product,  probably  oxygen  .which  evolves 
at  somewhat  negative  potentials. 

The  other  Me  investigated  have  similar  behaviour  as  Nb.  Fig.  3  represent 
the  corresponding  c.v.  curves  for  Hf,  Ta  and  Ti  respectively.  As  it  was  noticed 
in  the  cathodic  part  of  Ni  deposition  the  potential  does  not  vary  significantly 
with  the  Me  studied,  and  only  the  current  after  potential  reversion  from  catho¬ 


dic  limit  shows  different  tendency  towards  reaching  the  Ni/Ni (II)  reversitble 
deposition  potential.  The  Ni  dissolution  peaks,  A1  and  A2  appear  at  the  same 
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Fig.  2.  C.  V.  curves  of  reduction/ dissolu¬ 
tion  of  Hi  at  Nb  electrode  from  watts 
soln.  and  from  Watts  soln.  without  Ni 
salts  (blank) 


Fig.  3.  C.v.  curves  of  reduction/ 
dissolution  of  Ni  at  Ti,  Ta  and 
Hf  electrode  from  Watts  soluti - 
tion 


potentials  in  all  investigated  systems  but  the  oxygen  evolution  has  more  signi¬ 
ficant  influence  on  the  peak  A2  in  the  case  of  Hf. 

As  the  conclussion  there  could  be  assumed  that  the  Ni  deposit  at  at  the  va¬ 
rious  Me  substrates  shows  two  different  states,  suggested  by  the  dissolution 
peaks  A1  and  A2.  First  of  thise  peaks  represents  the  dissolution  of  Ni  from  the 
multilayer  and  the  second  from  submonolayer  deposti.  The  oxygen  evolution  in 
the  presence  of  this  later  is  somewhat  negative  in  respect  to  the  corresponding 
potential  at  the  pure  Me.  Two  different  Ni  states  were  not  possible  to  observe 
in  the  cathodic  current  region  because  of  the  rather  small  sensitivity  and  very 
high  Ni(II)  ion  cone,  in  the  Watts  solution. 
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It  is  well  known  that  the  current  efficiency  for  the  hard  chromium 
plating  is  very  low  (8-12%),  because  of  codeposition  of  hydrogen.  Also,  me¬ 
chanism  of  the  electrodeposition  of  chromium  from  the  chromium  plating 

baths  is  still  undefined,  having  in  mind  that  deposited  chromium  is  in  fact 

1  2 

an  alloy  of  chromium,  hydrogen  and  oxygen  (0.25  -  0.50  wt.  %  of  O^)  ’  . 

In  this  paper  are  presented  results  of  the  investigation  of  the  influ¬ 
ence  of  different  anode  materials  on  energy  consumption  and  current  effici¬ 
ency  during  the  process  of  hard  chromium  plating. 


EXPERIMENTAL 

All  experiments  were  carried  out  in  standard  electrochemical  cell. 
The  characteristics  of  three  different  anode  materials  (Pb+5%  Sb,  Ti(RuO^)  and 
Ti(Pt-IrO,,) )  were  investigated  by  linear  sweep  voltammetry  (LSV)  and  stati- 

_3 

onary  potentiostatic  techniques  in  the  electrolyte  containing  250  g  dm  CrO 

_3  3 

and  2.5  g  dm  H^SO^.  Ti(Ru02)  and  Ti  (Pt-IrO^)  anodes  were  made  by 
baking  rough  titanium  plates,  which  were  coated  by  the  solution  of  Ru,  or 
Pt-Ir  chlorides  in  an  electric  furnace  on  the  temperature  of  500°C. 


RESULTS  AND  DISCUSSION 

Typical  LSV  for  the  three  investigated  electrodes  in  the  electrolyte 
used  are  presented  in  Fig.  1.  (a)  and  (b).  It  is  seen  that  the  Ti(Ru02)  and 
Ti(Pt-Ir02)  electrodes  catalysed  both,  reaction  of  hydrogen  reduction  and  oxy¬ 
gen  evolution,  and  that  Ti(Pt-Ir02)  electrode  is  somewhat  better  for  the  evo¬ 
lution  of  oxygen  in  the  range  of  higher  current  densities  (Fig.  1(b)).  It  is  also 

xx  Materials  Research  Institute,  Energoinvest,  Sarajevo,  Yugoslavia 
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-0.4  0.0  0.4  0.8  1.2 

E/Vvs.NHE 


Fig.  1.  LSV  for  the  three  different  electrodes  in  chromium 
plating  electrolyte 
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seen  that  voltammogram  of  Pb  *  5%  Sb  electrode  has  very  complex  structure  In 
the  range  of  potential  from  0.0  to  2,2  (V)  vs.  NHE,  which  is  probably  due  to 
formation  of  different  chemical  compounds  of  lead  with  the  components  of  solu- 

3 

tion  and  oxygen  . 

Polarization  characteristics  of  three  anodes  used  are  presented  in 
Fig.  2.  It  is  seen  that  Ti(Ru02)  and  Ti(Pt~Ir02)  anodes  have  much  lower  pola¬ 
rization  in  whole  range  of  current  densities  and  that  this  effect  is  more  prono¬ 
unced  for  high  current  densities ,  which  is  in  good  agreement  with  the  LSV  re¬ 
sults.  Under  the  long  polarization  Ti(RuC>2)  anode  become  unstable  and  loses 
its  good  performances. 


2  3  A  5678  910 

j/kAm"2 


Fig. 2.  Polarization  characteristics  of  three  different  anodes 

Current  efficiency  of  chromium  plating  also  depends  on  the  anode 
materials  as  it  is  seen  in  Table  I. 

Table  I:  Current  efficiency  of  Cr  plating,  j  =  4.5  kAm~2<t=52°C _ _ 

_  Anode  materials _ 

_ Pb+5%Sb _ Ti  (  RuQ2  ) _ Ti(Pt-lrQ2) 

Current  ef ficiency  11.8% _ 12.0% _ 18.4% _ 

References; 

1‘  London?!  !^j’jtrop*at*n9''  i  (®dited  by  F .  A .  Lowenheim ), Chapman  and  Hall, 

2.  "Canning  Handbook  of  Electroplating",  E.and  F.N. Son, London, 22nd 
Edition,  (1978). 

3.  T. M.H. Saber, A. M. Shams  El  Din, "Electrochi mica  Acta",  13,937(1968). 
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The  cathodic  codeposition  of  various  eleaents  with  the  for 
mation  of  metallic  alloys  or  compounds,  from  aqueous  electrolytic  solutions 
has  been  the  subjet  of  several  studies,  and  has  been  known  for  several  -  - 
years1.  The  deposition  potential  is  generally  shifted  to  more  positive  -  - 
values,  with  respect  to  the  less  noble  metal,  due  to  interactions  between  - 
the  components  in  the  deposit,  and  this  has  been  called  "induced  codeposi  - 
tion"2.  The  termodinamic  fundaments  of  codeposition  and  the  nature  of  the  - 
species  which  determine  the  potential  have  been  studied  in  detail  by  -  -  - 
Krttger2. 

In  order  to  analyze  the  chemical  species  in  the  solution  - 
which  determine  the  alloy  codeposition  potential,  is  necessary  to  take  into 
account  the  electrochemical  reaction  represented  by  equation  (1): 

rMm*  ♦  sN  ♦  rme”  ■  ■  ■■  ■»  MrNs  ,  (1) 


where  Mffl*  represents  the  less  noble  electroactive  component  of  the  system, - 
and  the  potential  for  M/M**  is  expressed  as: 

i  •  D*r 

em  "  em  +  Kf  “  TwF  1  (2) 

where  aLjn+  is  the  activity  for  Mm+,  and  dG*  „  is  the  free  energy  of  forma¬ 
tion  for  the  MrNs  alloys. 

To  produce  the  codeposition  of  the  N11*  and  Mm+  ions  to  -  - 
give  the  MrNs  alloy,  it  must  be  accomplished  that: 


RT 

F 


Ln|(aMm*)1/m/(aNn*)l/n| 


<en  -  EM>  * 


AGMrN, 

rmF 


(3) 


be  formed  only  if 


Being  that  (E*  -  E»)  >  |  dG*  /rmP|,  then  the  alloy  will 


ter  than 
ion 


E„  and  low* 


WWW  I  •  »  WIWI  VUO  OllU/  Vlii 

>>  a^n-f .  Thus?  the  deposition  potential  must  be  grea¬ 
ter  than  Eu.  Therefore  the  activity  of  the  M®+  metallic  - 


*. ■  .(iv. wiv. «  .it.  activity 

is  determinant  of  the  potential  needed  to  produce  the  alloy. 

In  this  work,  we  have  studied  the  formation  of  Pt-Ru  -  - 

alloys  using  transient  techniques.  The  analysis  of  the  depositions  and  code 
positions  of  Ru,  Pt,  and  Pt-Ru  was  carried  by  means  of  sweep  voltammetry ,- 
chronoamperoraetry,  chronocoulometry ,  and  the  "quasi  rest  potential"  varia  - 
tion. 
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8ome  of  the  experimental  results  obtained  are  shorn  in  -  - 

figures  1  and  2,  and  in  table  1.  The  comparison  between  the  i-f (t)  and  - 

0»f(t)  curves,  which  are  drawn  at  various  potentials  for  solutions  of  Pt,  - 
Ru,  and  Pt-Ru ,  points  out  that  both  metals  are  forming  an  alloy.  This  may  - 
be  justified  by: 

-  The  fact  that  the  slopes  of  the  9  ve  t%  curves  (table  1) 
for  the  Pt-Ru  systems  are  greater  than  those  of  Ru  systems.  This  is  indica¬ 
tive  of  a  simultaneous  deposition  of  Pt  and  Ru,  thus  Pt  and  Ru  are  forming- 
an  alloy,  and  this  allows  the  former  to  deposit  at  potentials  where  the  -  - 
deposit  of  Pt  does  not  occur. 

-  At  more  negative  values  of  potential,  where  both  metals- 
are  allowed  to  deposit,  and  at  higher  concentrations  of  Ru,  the  ratios  of  - 
the  Q  vs  t'4  slopes  change,  and  this  indicates  that  the  characteristics  of  - 
the  alloy  are  dictated  by  the  ratio  of  the  Pt(IV)  and  Ru(Ill)  activities  at 
the  interface4. 
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ELECTROCHEMICAL  REDUCTION  OP  CHROMIUM  (VI) 

IN  PRESENCE  OP  PLUORINE  COMPOUNDS 

8.  POPOV,  D.  SLAVKOV  and  0.  DRA2 Ifi  * 

Faculty  of  Technology  and  Metallurgy,  University  "Kiril  and  Hetodij"  Skopje 
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The  deposition  of  black  chrome  is  generally  done  with  conven¬ 
tional  chroming  bath  free  from  sulphates,  to  which  "catalyst"  such  as  acetjc 
acid,  sodium  nitrate,  amonium  methavanadate  or  fluorine  compounds  is  added1 “5 
The  exact  mechanism  by  which  the  catalyst  ions  enable  chromium  reduction  is 
still  open  to  conjecture. 

The  purpose  of  the  present  work  is  to  study  the  electrochemi¬ 
cal  reduction  of  chromic  acid  in  the  presence  of  fluorine  compounds  and  to 
determine  the  electroplating  conditions  for  obtaining  selective  absorbing 
surface. 

All  c.v.  experiments  were  performed  in  a  special  plastic  cell, 
because  of  the  presence  of  fluorine  ions.  Working  electrodes  of  Pt  sealed 
into  a  glass  tube  with  a  geometric  area  6,2.1 0“|  cm*  and  a  Pt  mounted  in 
a  teflon  holder  with  geometric  area  of  1,76>10"9  cm2  were  used.  The  working 
electrodes  were  mechanically  polished  after  each  measurement.  SCE  was  used 
as  a  reference  electrode.  Black  chrome  was  electrodeposited  from  a  solution 
containing  4,2  M  CrO,  and  0,05  M  BaC03,  in  presence  of  fluorine  ions. 

The  fluorine  compounds  were  added  in  the  cathode  compartment  during  the  co¬ 
urse  of  the  run. 


I  . 
mA/cm 


Solution 


P  Cone.  (M) 


E  (V) 


H2Cr3°l 0 


4n 


tot* - 

- rnrcy 

0,048 

1,020 

0,078 

1,025 

0,115 

1,015 

0,166 

0,261 

0,998 
1 ,010 

0,357 

1,015 

Rest  potentials  observed  on  Pt  cathodes  in  chromic  acid  so¬ 
lution  with  fluorine  ions  additions  are  listed  in  Table(l).  The  rest  poten 
tiais  probably  are  mixed  potential  of  the  reduction  of  dichromate  ion  and 
oxidation  of  Pt.  PtO  are  further  reduced  when  the  cathode  is  polarized  at 
negative  potentials. 

Table(1 ) 

Rest  potential  values  obtained  on  Pt 
electrode  in  chromate  solutions  cata¬ 
lyzed  by  P  ions,  with  respect  to  SCE 


Fig(l)  shows  typical  c.v.  curves  for  electrodeposition  of 
black  chrome  from  pure  chromic  acid  (4,2  M)  in  which  only  0,05  M  BaCO-  was 
added.  The  curves  were  obtained  at  different  sweep  rates.  BaCOj  was  added 
in  order  to  precipitate  S04  ions,  present  as  impurities.  The  curves  show 
the  cathodic  maximum  at  -0,98  V  vs  SCE,  with  strong  evolution  of  hydrogen 
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at  this  potential.  The  peak  current  was  found  to  increase  with  increasing 
the  sweep  rate,  but  this  dependence  was  not  found  to  be  a  linear  function 
of  the  square  root  of  the  sweep  rate,  which  suggest  that  this  process  Is 
not  diffusion  controlled. 


Fig(2)  Cyclic  vol tammograms  at 
different  concentrations  of 
fluorine  ions 


Fig (2)  shows  cyclic  vot  tammograms  at 
0,02  V/s  for  electrochemical  reduction 
of  chromic  acid  at  different  concentra- 
tions  of  fluorine  ions  (from  0,07*1  to 
0,357  M) .  In  the  presence  of  catalyst 
ions  two  more  peaks  appear  for  the  re* 
duction  of  chromic  acid  at  *0,35  V 
and  at  -0,5  V  vs  SCE.  It  has  been  fo¬ 
und  that  the  peak  at  -0,35  V  does  not 
depend  upon  the  concentration  of  fluo¬ 
rine  ions,  but  it  appears  only  at  con¬ 
centrations  higher  than  0,35  H.  The  ca¬ 
thodic  peak  current  at  -0,5  V  vs  SCE 
was  found  to  depend  on  the  concentrati¬ 
on  of  fluorine  Ions  (Fig  3),  but  Is  not 
a  linear  function  of  the  square  root  of 
the  sweep  rate. 


In  table(2)  are  shown  cathodic 
charges  (C/cm2)  calculated  by 
integrating  the  surfaces  under 
the  cathodic  peaks  at  -0,5  V. 

The  charges  increase  from 
10,07-1 0-3  C/cm2  to  95.22.10-3 
C/cm2.  From  the  results  obtai¬ 
ned  one  can  conclude  that  the 
catalyst  ions  have  an  accentu¬ 
ated  influence  only  on  the  se¬ 
cond  reduction  step  of  chromic 
acid.  It  was  also  found  that 
in  presence  of  fluorine  ions 
the  evolution  of  hydrogen  de¬ 
creases  remarquably. 

No  deposit  was  found  when  chro¬ 
mic  acid  was  potentiostatical ly 
electrolysed  at  -0,35  V  and  at 
-0,5  V.  Black  deposit  was  obser¬ 
ved  only  at  higher  applied  pote¬ 
ntials  (-1,1  V  vs  SCE)  and  the 
amount  of  the  deposited  materi¬ 
al  was  found  to  depend  on  the 
concentration  of  fluorine  ions. 


Table(2) 

Cathodic  charges  (C/cm2)  calculated  by 
integrating  surfaces  under  the  peaks 
as  a  function  of  F”  ion  concentration 

CF_  (M)  Q  (C/cm2)- to3  Solution 


OTT 

0,048 

0,072 

0,096 

0,110 

0,144 


23.13 

23.13 

40.13 
47,69 
70,35 


H2Cr3°lO 


4M 


Fig(3)  Variation  of  I  with  square 
root  of  the  sweep  rat? 
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In  order  to  determine  the  optimum  operating  conditions  under 
which  black  chrome  surfaces  appear,  spectral  reflectance  of  spectrally  se¬ 
lective  surface  of  black  chrome  on  nickel  plated  cooper  have  been  studied 
as  a  function  of  deposition  time.  The  following  standard  experimental  con¬ 
ditions  were  used  in  preparing  the  samples  for  ref lectancemeasurements: 
agitation  of  the  electrolyte  with  nytrogen,  temperature  295  K,  current  den¬ 
sity  10  to  12  A/dn  ,  cathode  to  anode  ratio  1:1.  A  computer  program  for 
PDP-11  computer  was  used  for  calculation  of  the  normal  thermal  emittance 


and  the  hemispherical  absorptance  from  specular  normal  and  hemispherical 
reflectivities  in  order  to  determine  the  selective  properties  of  the  elec¬ 
troplated  black  chrome  coatings.  Fig (4)  shows  the  variation  of  the  spectral 
reflectance.  For  the  deposit  obtained  for  120  s  S.  •  0,928  with 
e-.fAO  C)  ■  0,1  and  ac/eL(A0  °C)  ■  9.28.  For  the  deposit  prepared  at  50  s 
1$  -  0,80,  8t  (A0  °C)  s  oT 01 8  with  (A0  °C)  -  A, A. 


1  2  3  “  5  10  20  X/wm 

Fig(A)  Spectral  reflectance  of  black  chrome  coatings 
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ELECTROCHEMICAL  REOUCTIOM  OF  INDIUM  (III) 

IN  MOLTEN  LITHIUM  CHLORIDE -POTASSIUM  CHLORIDE  MELT 

8.  POPOV,  D.  SLAVKOV  and  H.  A.  LAITINEN* 

Faculty  of  Technology  and  Metallurgy,  University  "Klrll  and  MetodlJ",  YU 
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The  instrumentation  and  equipment  used  in  this  study  have  been 
previously  described  1-s. 

Partial  thermodynamic  values  in  molten  LiCI-KCI  have  been  dete¬ 
rmined  from  693  K  to  813  K  in  the  In  concentration  range  of  0,016  M  to 
0,5  M.  The  stady  was  made  with  cells  of  the  type: 

In) lnCl3,LiCl-KCl||L!Cl-KCl,PtCl2|Pt 

In  Fig (1 )  are  ploted  indium  electrode  potentials  vs  log  concen¬ 
tration  of  indium  (III)  for  five  temperatures.  The  dependence  is  linear  and 
the  slopes  determined  are  compared  in  Tabie(i)  with  the  slopes  calculated 
from  the  Nernst  equation,  assuming  n-3. 

Using  the  equation, 

EP«|PtCld|t.-|Cl2  ■  -  Wo), 

determined  by  Laitinen  and  Pankey6,  indium  electrode  potentials  with  respect 
to  the  platinum  reference  are  normalized  to  the  chlorine  electrode,  and 
obtained  values  are  numerically  the  same  as  the  potential  difference  for 
the  cell  ln| InCI^, LiCI-KCI | | L i C I -KC I { C I 2 .  The  reaction  corresponding  to 
this  cell  is  the  formation  of  indium(lll)  chloride  in  solution.  Partial 
thermodynamic  quantities  for  the  formation  of  I nC 1 3  in  molten  LiCI-KCI 
have  been  calculated  and  are  listed  in  Table(2).  The  potential  of  indium 
electrode  was  ploted  against  temperature  for  fixed  concentrations  and  values 
of  (3E/3T)p  were  found  for  each  concentration.  Using  these  values  the  parti¬ 
al  molar  entropy  was  calculated,  as  shown  in  Tabte(2). 

]_nC  1^3  ;LiCi;KC  [_S^stem  -  Chrono  potent  log  rams  of  In(lll)  in  molten  LiCI-KCI 
were  found  to  depend  on  the  concentration  of  In(lll).  Qualitatively,  a  single 
chronopotentiometric  wave  occurs  at  a  quarter  wave  potential  of  -0,81  V  vs 
the  Pt(ll)|Pt  reference  electrode.  The  Sand  equation  was  tested  at  five 
different  In(lll)  concentrations.  The  transition  time  constant  is  independent 
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of  I,  indicating  that  electrode  process  is  diffusion  controlled  over  the  ti¬ 
me  interval  investigated.  The  average  value  of  the  transition  time  constant 
is  A'S^.cm^mol’1 .  Based  on  analytical  data  n-3,  the  diffusion  coe¬ 

fficient  was  calculated  to  be  1,81 -10"5  cm2-s’1.  Only  one  product  was  obser¬ 
ved  for  the  reduction  of  In(lll)  at  -0,81  V.  The  reduction  product  was  ana¬ 
lysed  by  standard  procedures  and  was  found  to  be  pure  indium. 

-til . I - 1 - iyl  Tabled ) 

.10  I-1  -  - Nernst  behaviour  of  the  indium  electrode 

L— -i - !. —  I - -  Temp.  (K)  (3E/31og  ln3+)T  (Vl 


■1.0  |93.K-. 

■1.4  I - - 


0.88  0.86  0.84  -£/V 

Fig(l)  Potential  of  indium  electrode 
with  respect  to  Pt  reference  electrode 

”  A  single  chronopotent iometr i c  wave  occurs  at  a  qua-; 
rter  wave  potential  of  -0,7  V  vs  the  Pt(ll)|Pt  reference  electrode.  The  tra¬ 
nsition  time  constant  in  the  Sand  equation  has  been  calculated  and  was  found 
to  depend  on  I  (Fig  2).  There  is  a  decrease  in  I  x vC  with  increasing  current 
density  which  is  generally  a  sign  of  a  slow  chemical  reaction  preciding 
charge  transfer. 

It  was  observed  during  the  chronopotent iometr ic  measurements 
that  a  volatile  product  evaporates  from  the  melt,  indicating  that  there  Is 
an  acid-base  reaction  going  on  between  ln203  and  chloride  melt,  in  a  non 
protonic  solvent  such  as  alkali  halide  melt,  acid-base  reactions  can  be 
conveniently  considered  in  terms  of  the  Lewis  acid-base  concept.  Since  al- 
caly  metal  ions  have  a  relatively  small  ability  to  accept  electrons,  they 
will  not  ordinarily  enter  into  acid-base  reactions.  On  the  other  hand  be- 
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cause  halide  Ions  can  donate  a  pair  of  electrons,  they  act  as  a  leveling 
base  upon  most  heavy  cations,  forming  metal  halide  complexes. 


F i g ( 2)  Variation  of  I  t^/C  with  Iq  for  the  reduction  of  ln203 

In  order  to  account  for  the  observed  chronopotentiametric  and 
coulometric  results  for  ln203  reduction,  the  following  acid-base  reactions 
were  considered  between  ln203  and  chloride  melt  preceding  charge  transfer: 

ln203  +  2CI "  t  ln202Cl2  +  02‘ 

ln203  ♦  4Cl'  t  ln20Cl4  +  202’ 

ln203  +  6C1’  i  2 1 nC 1 3  +  302’ 

Table(2) 

Partial  thermodynamic  quantities  for  the  formation  of  I nC 1 3  In  molten 
UCl-KCl 


Cone.  (M) 

AG  (J/mol) 

AS  (J/K) 

AH  (J/mol) 

0,0165 

-349.716 

95,53 

418.784 

0,0405 

-34A.505 

83,95 

405.720 

0,0645 

-342.189 

78,16 

398.698 

0,1650 

-336.399 

46,32 

369.888 

0.5020 

_ :330-01P  _ 

28.95 

350.960 

Samples  of  the  electrode  deposit  were  prepared  by  constant  cu¬ 
rrent  electrolysis.  The  reduction  product  reacts  with  platinum  cathode. 
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APPLICATION  Or  CYLINDRIC  SYSTEM  WITH  A  ROTATING  ELECTRODE  FOR  INVESTIGATION 
OF  THE  SILVER  TRANSPORT  PHENOMENA  DURING  COPPER  ELECTROREFINIMG 


J.  HOTLOS  and  H.  JASKUEA 

Department  of  Physical  Chemistry  and  Electrochemistry 
Jagiellonian  University,  Cracow  (Poland) 


A  simple  theoretical  model  describing  quantitative  transport  of  silver 
ions  to  the  gathode  during  copper  electrorefining  was  proposed  in  the 
previous  paper.  The  influence  of  such  parameters  as  electrolyte  composi¬ 
tion,  overvoltage,  current  density  and  electrolyse  time  on  silver  contents 
in  bath  and  in  cathodic  deposit  was  taken  into  account. 

This  model  was  used  to  describing  of  electrolysis  results  obtained  in 
the  system  of  two  vertical  copper  electrodes  without  stirring  of  electro¬ 
lyte.  The  high  initial  concentrations  of  silver  ions  (0.5-12ppm)  used  in 
experiments  correspond  to  case  of  their  reduction  not  only  on  the  cathode 
but  also  on  the  anode,  and  to  decrease  their  concentration  in  bath.  The 
model  foresees  also  the  possibility  of  Increase  of  Ag  ions  concentration 
in  the  electrolyte  however,  the  execute  of  this  case  requires  very  low 
initial  Ag  concentrations  or  high  overvoltages.  Then  it  is  possible  to 
obtain  information  concerning  the  dissolution  of  silver  contained  in 
anodes.  According  to  the  paper  application  of  a  system  with  forced  convec¬ 
tion  having  the  better  defined  transport  conditions  should  improve  accord¬ 
ance  of  the  obtained  results  with  the  theoretical  model. 

EXPERIMENTAL 

In  this  work  the  systeA  of  coaxial  cylinders  was  used  to  investigation 
of  silver  transport.  The  rotating  inner  cylinder  made  from  synthetic 
copper-silver  alloy  (silver  contents  0.1-0. 7  weight7.)  or  from  industrial 
black  copper  (0.27LAg)  was  an  anode.  The  external  motionless  cylinder  from 
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The  constants  of  transport  rate  of  silver  ions  k^D /6  to  cathode  as 

well  as  to  anode  described  as  the  functions  of  rotation  speed  for  this 

system,  were  determined  in  other  investigations.  For  rotation  sgeed  v*545 
1/min  used  in  silver  transfer  measurements  they  are:  k  *2.94*10  cm/s  and 
k  *1.47*10  cm/s  respectively.  It  should  be  noticed  that  the  transport 
raje  towards  £he  cathode  was  higher  due  to  greater  cathode  surface  (S  *212 
cm  ,  S  *76  cm  ) . 

2+  The  230  ccm  of  electrolyte  containing  100  g/1  of  H^SO,  an<*  g/l 
CuZ  was  used  for  each  experiment.  The  electrolyte  was  previously  carefully 
desilvered  by  shaking  with  copper  powder.  The  electrolysis  were  carried  out 
at  the  room  temperature  and  at  constant  charge  of  10800  C  (current  1-10  A). 
This  charge  provided  minimal  amount  of  cathodic  deposit  necessary  to  ana¬ 
lyse  and  on  the  other  hand  the  amount  of  slime  forming  on  the  anode  was 

negligible . 

The  silver  contents  in  cathodic  deposit  and  in  the  electrolyte  were 
measured  by  AAS  method. 

RESULTS  AND  THEIR  INTERPRETATION 

The  average  silver  contents  in  electrolyte  after  shaking  with  copper 
powder  were  about  0.1  ppm  and  have  not  changed  (in  the  limit  of  error) 
during  electrolysis.  The  equilibrium  concentration  of  ^ilver  'ons  in  the 
used  bath  in  contact  with  metallic  copper  was  0.00l5ppm.  Th°refu,.  - « 

assumed  that  most  analytically  determined  in  electrolyte  silver  is  the 
metallic  silver  (subtle  suspension,  slime?)  formed  during  cementation,  and 
the  ionic  silver  takes  its  equilibrium  concentration. 

The  obtained  cathodic  deposit  was  divided  into  12  parts  from  which  6 
were  independently  analysed.  In  the  emphatic  majority  of  analysed  probes 
the  silver  contents  were  below  the  limit  of  sensitiveness  of  the  AAS  method 
( 0 . 06ppm )  that  allowed  to  assess  that  the  silver  contents  in  cathode  are  no 
greater  then  about  4.8ppm.  In  a  few  cases  the  greater  amount  of  deposit  was 
analysed  and  it  was  determined  that  silver  contents  in  the  cathode  occured 
in  the  range  from  1.9  to  4.8  ppm. 

Assumed  the  higher  value  of  silver  contents  (4.8ppm)  and  that  all 
silver  founded  in  the  cathode  is  coming  from  the  reaction  of  reduction  of 
silver  ions  which  takes  place  at  limiting  current,  it  was  calculated  that 
the  average  concentration  of  Ag  ions  in  bath  during  electrolysis  must  be 
no  greater  then  0.005  ppm  for  longest  electrolysis  (10800  s)  and  no  greater 
then  0.03  ppm  for  shortest  electrolysis  (1350  s). 

It  should  be  stressed  that  the  value  of  0.005  is  relatively  close  to 
the  equilibrium  concentration  and  for  this  case  it  is  possible  to  estimate 
what  the  upper  limit  of  amount  of  silver  in  the  ionic  form  transferred  from 
anode  into  solution  is. 

Assuming  that  the  only  source  of  ionic  silver  is  anode  (and  neglecting 
the  possibility  of  the  cementation  reaction  in  the  bulk),  according  to  the 
previously  described  mathematical  model  the  results  for  longest  electroly¬ 
sis  (10800  s)  were^interpre ted :  for  average  silver  ions  concentration  in 
the  bulk  obtained  c  *0.0065ppm,  and  for  surface  concentration  at  the  anode 
c  *0.012ppm  (that  corresponds  to  overvoltage  of  tj  *53  mV).  This  is  illus¬ 
trated  on  Fig. 2.  a 
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Fig. 2. 

Schematic  diagram  of 
Ag  ions  concentration 
distribution  in  the  reactor 
(profile  at  time  t*10800  s) 


From  values  cSa  and  ka  estimated  the  ugper  limit^of  the  flux  of  i^nic 
silver  from  anode  as  no  greater  as  8.1*10  pg  Ag/cm  s  (-0.29  mg  Ag/tn  h). 
For  electrolysis  at  higher  current  densities  the  greate^sources  may  be 
expected  and  for  current  of  7a,  the  value  of  1.8  mg  Ag/m  h  was  obtained. 
These  results  demonstrate  that  the  flux  of  ionic  silver  from  an  anode  into 
the  bulk  is  insignificant.  It  is  also  independent  on  the  kind  of  used  anode 
and  its  silver  contents.  It  leads  to  the  conclusion,  that  the  considerable 
silver  contents  in  cathodes  observed  in  an  industrial  practice  are  due  to 
transfer  slime  rich  in  silver. 

If  even  a  short-lived  anode  passivation  occures  then  this  situation 
changes  radically.  The  silver  contents  increase  then  many  times  and  may 
range  2  ppm  in  bulk  and  more  then  200  ppm  in  cathode.  Our  observations  show 
that  the  contribution  of  slime- transport  is  in  this  case  significant. 
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ON  THE  ELECTRODEPOSITION  OP  CARBON  PROM  NaF-ALF 3  MELTS 
SATURATED  WITH  ALUMINIUM  CARBIDE. 

R.  0DEOARD,  A.  STERTEN  AND  J.  THONSTAD 

Laboratories  of  Industrial  Electrochemistry,  and  SINTBF, 
The  Foundation  of  Sclantlfic  and  Industrial  Research 
at  the  Norwegian  Institute  of  Technology, 

N-7034  Trondheim-NTH,  Norway. 


Two  subjects  related  to  solutions  of  aluminiuni  carbide  in 
NaF-AlF3  melts  were  studied: 

1)  The  equilibrium  concentration  of  dissolved  aluminium 
carbide  in  NaP -A IF 3  melts. 

2)  The  electrodeposition  of  carbon  from  aluminium  carbide 
saturated  melts. 

Solubility. In  the  solubility  experiments  a  graphite  crucible 
with  a  close  fitting  graphite  lid,  containing  140g  of  molten 
salt  and  25g  of  alumlnluiq,  was  placed  in  the  isothermal  zone  of 
a  vertical  Kanthal  furnace  with  argon  atmosphere.  During  a 
holding  time  of  5-6  hrs  at  temperature,  aluminium  carbide  was 
formed  by  reaction  between  aluminium  and  the  graphite  crucible, 
saturating  the  melt.  After  removal  of  the  lid  a  melt  sample 
(3g)  was  taken  with  a  steel  ladle  that  was  lowered  from  the  cold 
part  of  the  furnace.  The  aluminium  carbide  content  of  the  sample 
was  determined  from  the  volume  of  CH^g)  evolved  by  treatment 
with  a  10%  HC1  solution.  The  hydrolysis  apparatus  was  similar  to 
that  described  by  Rogers  et  al.1. 

Fig.  1.  shows  the  concentration  of  dissolved  aluminium  carbide 
as  a  function  of  the  NaF/AlFo  molar  ratio  (CR)  at  1020°C.  The 
full  line  represents  the  best  fit  for  a  model  based  on  the 
equation 

AI4C3 ( s )  +  5AlP3(diss)  ♦  9NaF (1)  -  ;Al3CF83”+  9Na*  (1) 

Activity  data  for  A IF 3  and  NaP  given  by  Sterten  and  Mel and ^  were 
used  in  the  calculations. 

Dewing3  has  previously  measured  the  solubility  of  aluminium 
carbide  in  NaF-AlF3  melts  for  1.6<CR<4.5,  as  shown  in  Fig.l. 

The  present  data,  although  higher  in  carbide  concentration,  are 
in  fair  agreement  with  those  of  Dewing.  Because  Dewing's 
measurements  were  not  extended  to  low  CR's,  the  concentration 
peak  shown  in  Fig.l  was  not  detected.  The  broken  line  in  the 
figure  is  our  representation  of  Dewing's  data. 
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glectrodeposition  of  carbon.  It  was  found  that  carbon  could  ba 
alactrodapositad  by  alactrochamlcal  oxidation  of  dissolved 
aluminium  carblda.  Voluminous  deposits  wars  obtained  on 
alactrodas  made  of  graphite,  vitreous  carbon.  Iron,  tungsten 
and  platinum.  The  carbon  deposit  was  found  to  ba  amorphous  by 
x-ray  diffraction  analysis .Based  on  the  weight  loss  when 
burning  the  carbon  deposits  the  number  of  electrons  exchanged 
pr  mole  of  deposit  was  calculated  to  be  *4  when  assuming  1001 
current  efficiency  for  the  deposition  reactions. 

Pig.  2  depicts  carbon  deposits  on  iron,  vitreous  carbon  and 
tungsten  electrodes.  Similar  anodic  deposits  were  obtained  by 
Morris  and  Harry4  in  LiCl-CaCl2  melts  containing  dissolved  CaC2> 

In  Pig. 3  is  shown  an  example  of  potential  decay  curves  recorded 
in  carbon  deposition  experiments.  A  constant  current  of  5A 
(-0.5  A/cm2)  was  disconneted  at  time  zero.  The  potential 
difference  between  an  aluminium  electrode  and  a  vitreous  carbon 
electrode  with  carbon  deposits  on  it  was  recorded.  The  potent¬ 
ial  plateau  which  is  clearly  visible  in  the  figure,  corresponds 
to  an  aluminium  carbide  formation  cell.  The  semi -stable 
potential  was  4-127  mV  versus  the  aluminium  electrode.  This 
gives  AO°( AI4C3)  -  -  35.108  kcal/mol  at  .the  tesiperature  of  the 
experiment  (l013°C).  The  interpolated  JANAF5  data  is  AG°(A1^C3 ) 

-  -  34.166  kcal/mol  at  that  temperature.  The  difference  is 
within  the  limits  of  error  indicated  in  JAMAF. 
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Pig.l. 

Concentration  of  dissolved 
aluminium  carbide  as  a  function 
of  the  NaP/A IP 3  molar 
ratio  (CR)  at  I020°C. 
e  -  present  work; 
o  -  Dewing3.  The  full  line 
represents  the  model  given  by 
equation  (1). 


Pig. 2. 

Electrodeposited  carbon 
on  electrodes  of: 

1:  iron,  2:  vitreous 
carbon  and  3:  tungsten. 
Melt  composition: 

CR  -  1.50, 
temperature : 1000°C , 
total  current:  1-5  A. 


Potential  decay  curve  in  a  carbon 
deposition  experiment.  The  potential 
of  a  vitreous  carbon  electrode  with 
carbon  deposit  was  measured  versus 
an  aluminium  electrode.  At  t<0, 

I  -  5A  (  0.5  A/cm2). 

Temperature:  1013°C,  CR  -  1.50. 
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A  SIMPLE  LINEAR  THERMODYNAMIC  MODEL  OF  ZINKOXIDE  CHARGING 
AND  DARK  DISSOLUTION 

O.FRUHWIRTH,  G.W.  HERZOG, 

Institute  of  Inorganic  Chemical  Technology,  Technical  University  of  Graz, 

Austria 

J.POULIOS,  present  adress:  ,  ,  ... 

Laboratory  of  Physical  Chemistry,  Aristotelian  University  of  Thessaloniki, 

Greece 

The  dissolution  rate  of  ZnO  and  the  flatband  potential  display  a  linear 
pH  dependence.  The  aim  of  this  work  was  to  find  a  simple  model,  which  could 
explain  phenomenologically  this  behavior,  first  observed  by  Lohmann  and 
Hauffe  et  al.a,  but  not  yet  interpreted  on  a  common  basis.  Furthermore  this 
model  should  give  an  explanation  of  the  linear  pH  dependence  of  the  photo- 
current,  when  ZnO  is  illuminated  with  365  nm  light  (bandgap)  and  is  decom¬ 
posed  by  holes. 

The  model  is  based  on  irreversible  thermodynamics  originally  developed 
by  Prigogine3  and  on  splitting  the  electrochemical  energy  term  into  an 
electrical  energy  part  connected  with  double  layer  charging  and  the  chemical 
potential  which  is  connected  with  H+  or  OH'  concentration. 


The  common  electrochemical  model  for  dark  dissolution  rates  of  oxides 
in  acidic  solution,  given  by  Engel  1^  and  improved  by  Vermilyea  ,  is  based 
on  transfer  control  of  the  lattice  ions  of  the  dissolving  oxide.  For  the  rate 


of  dissolution  of  hydroxides  or  oxides  this  gives  a  power  law  of  the  form(l). 

/  t  \  *»-  By  simplification  through 

/  l  \  ^  /  n-K.Cu+ 1  "* «<_  Z.  a w\A  **  _ ■*  — 0  &  r\rnnAv*f  i  Anal  i  f  u 


(1)  v  =  n+t +(-—*?■»%&)  .  and  z+=z_*2  a  proportionality  of 

V  n+K+  /  the  rate  v  with  (Cy+jV result. 

For  the  dissolution  of  oxides  Vermilyea  discussed  some  cases  with  different 


first  step  of  reaction  leading  to 


v~(c„+)^  ,  first  step:  hydration  of  ZnO  or  adsorption  of  H+  with 
M  saturated  sites  ngy_  at  the  interface 

v~(c  „+)£  ,  first  step:  reaktion  of  0£  with  a  proton  to  OH*  and  then 
M  in  a  fast  step  with  a  second  proton  to  HgO. 

V~CH+  ,  first  step:  two  protons  react  with  0£  to  water  or  the 

adsorption  of  H+  with  nearly  empty  nQH‘i''cH+' 
Only  the  last  two  cases  show  the  practically  measured  dependence  on  pH  with 
the  above  mentioned  restrictions  but  without  an  explanation  for  the  linear 


potential  -  pH  dependence. 


From  Prigogine's  law  of  irreversible  thermodynamics  follow  directly 
linear  relations  of  the  dissolution  rate  on  pH  and  potential.  These  laws 
hold  for  reactions  near  equilibrium,  or  if  a  chain  of  reactions  is  composed 
of  single  steps  beeing  in  a  quasi  stationary  state  and  each  of  them  not  far 
from  equilibrium.  If  the  overall  reaction  for  the  dissolution  of  ZnO  in  the 


(2) 

(3) 

(4) 


ZnO  +  2  H+- 
ZnO$  +  H+— *• 

aG 

v  =-v*^y“  or 


_  ++  „  n  dark  is  thought  to  be  composed  of 

LT)  m2u  the  following  successive  steps  (3) 

ZnO.Hads-*  Zn++  +0H*  the  linear  irreversible  thermody¬ 
namics  gives  for  the  reaction  rate 
i  =  -T0  the  electric  current  for  charged  species. 


By  splitting^  into  the  chemical  energy  Aft  and  the  electrical  part  zFaY 
and  after  insertion  of  the  concentration  dependence  of fi  and  of  the  disso- 

lution  current  (5),  taking  the  charge 

(5)  i0  =*zF^r)  =  zF-T-(cH+)  with  z=l  for  the  first  step  in  (3), we 

“  v  l’  yield  the  measured  linear  relation  (6): 
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(6)  i  *  --gf k  (cH+)0  [ FaT  +/y«ads  ♦  2.3RT  pH] 

T:  forward  rate  constant  under  pure  kinetic  control 

(cH+)  :  equilibrium  proton  concentration  with  a  constant  surface  coverage  of 
H+  assuming  constant  activity  of  the  surface 
An  analogous  treatment  of  the  second  step  in  (3)  leads  to  a  similiar  equation 
but  with  a  Zn++  dependent  term: 

(7)  i  =  [FA?+A^aes  -  2.3RT  (pOH  -pZn)] 

If  we  postulate  in  (6)  one  limiting  case  for  an  insoluble  oxide  with  i  =  0  the 
equation  (8)  with  the  pH  independent  terms  collected  in  A  follows. 

(81  Af  =  A  2.3RT  This  means  that  if  all  charges  contribute  to  the 
'  '  1  F  F"  oxide/solution  interface  the  potential  difference 

between  oxide  and  solution  is  proportional  to  pH. 
This  first  was  observed  by  Lohmannl  for  ZnO  single  cristals  when  he  measured 
the  flatband  potential  by  capacity  measurements  under  pH  variation. 

The  other  limiting  case  of  (6)  demands  an  unpolarisable  oxide  where 
all  charge  is  transfered  and  contributes  to  dissolution.  In  equation  (9)  the 
/ q >  i  _  r  _  ?  -i  tr  ,i  .X  nu  slope  corresponds  to  the  chemical 

1  '  H+'o  p  rate  konstant  and  the  proton  concen¬ 

tration  at  equilibrium.  This  case 

seems  to  be  predominant  in  Hauffe's*  dissolution  experiments  with  small  po¬ 
larisation  of  the  ZnO  crystal. 

In  praxis  most  cases  will  be  found  between  these  extremes,  that  means, 
charging  of  the  oxide  interface  to  some  extent  of  potential  where  the  dis¬ 
solution  of  the  lattice  decomposition  get  dominant,  when  no  potentiostat  is 
applied. 

Under  illumination  the  anodic  photocurrent  of  ZnO  shows  a  linear  depen¬ 
dence  on  pH  too,  though  another  mechanism  of  dissolution  has  been  postulated 
by  Gerischer  working  with  photogenerated  holes  and  by  Morrison^  a  water 
oxidation  reaction  via  holes  has  been  introduced. 


- — — ___  In  figure  1  the  pH  dependence  of  the 

170,  photocurrent  of  a  Zn  doped  ZnO  single 

u  crystal  is  shown  without  and  with  Zn++ 

5a  X.  saturation  in  the  elektrolyte.* 

X  Because  of  the  restricted  dissolution 

when  saturation  of  Zn++  is  provided,  we 
,t»  30  -oo-o-^o  assume  that  the  photocurrent  in  this 

•  case  must  belong  to  water  oxidation. 

- « - i—i - 1 - . -  (10)  H~0  +  v*  — ►  1/2  H-0-  ♦  H+ 

0  2  4  6  »u "  »  «  a  c  c  c 

LC  With  saturation  the  photocurrent  is 
independent  of  pH  and  of  Zn  and  contributes  to  a  ground  level  in  the  other 
case.  When  Zn  concentration  in  the  elektrolyte  is  far  from  saturation  and 
no  transport  limitations  are  observed  at  the  RDE  the  observed  total  photo¬ 
current  is  linearly  pH  dependent.  The  additive  photocurrent  should  belong  to 
the  ZnO  lattice  decomposition  via  holes  and  proved  to  be  proportional  to  the 
incident  light  intensity.* 


(11)  ZnO  +  p+  +  H+— w  1/2  H202  +  Zn-^ 

For  this  overall  reaction  the  first  step  in  the  thermodynamic  model  of  (3) 
is  postulated  to  govern  the  other  steps  and  therefore  this  model  should  hold, 
resulting  in  a  linear  iph/pH  dependence,  which  is  shown  in  fig.l  or  in  a 
linear  dissolution  rate  expressed  through  equation  (6)  or  (9)  but  with  a 
somewhat  different  equilibrium  term  (c,,+)0. 

The  photocurrent  is  independent  of  Zn++  concentration  at  each  pH  of  in¬ 
vestigation  though  it  is  different  in  value  and  higher  than  the  basic  current 
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with  saturation  of  the  Zn++  cation.  This  behavior  is  shown  in  fig. 2  and 
can  only  be  the  case  if  the  concentration  dependent  step  in  (3)  is  not 
dominant.  The  dissolution  rate  control  by  Zn-*"*'  or 

OH"  desorption  would  give  a  dependence 
of  the  form  of  equation  (7)  but  has  not 
been  observed  hitherto.  In  buffered 
q  solutions,  where  no  H+  or  OH"  diffusion 

limitation  takes  place,  the  Zn ++  depen- 
_  dence  would  cause  a  decreasing  rate 
«  ~Ji  --rfiji  with  time  because  of  enrichment  of  the 


3-40  J 


20 


— r— 

19 


/  J  fwf|  ifiwii  uiic  vcvauac  vi  cm  i  vmimciiv  v« 

c*»  (" dissolving  cation  in  the  solution. 


Conclusion;  Below  the  isoelectric  point  at  pH«  9  in  dark  for  ZnO  the 
surface  get  charged  positively  by  adsorbing  protons  when  the  oxide  is  immer¬ 
sed  into  the  aqueous  solvent.  If  thereby  the  pH  of  the  solution  changes,  the 
flatband  potential  changes  too. 

If  on  the  other  hand  the  pH  is  fixed  by  buffer  solution  or  the  external 
potential  difference  is  fixed  by  potentiostat,  the  adsorbing  protons  will  raise 
the  dissolution  rate.  Both  cases  may  be  qualitatively  described  as  limits  of 
the  equation  (6),  which  has  been  derived  by  irreversible  thermodynamics. 

The  illuminated  ZnO  surface  (hy>E  )  will  be  decomposed  by  holes  faster 
than  in  the  dark.  The  rate  of  this  photodecomposition  depends  linearly  on  pH 
when  the  generation  of  holes  is  sufficient.  The  absence  of  an  influence  of 
the  Zn++  concentration  below  the  IEP  favors  a  mechanism  the  first  step  of 
which  can  be  described  by  the  thermodynamic  model 1  too. 

This  is  not  the  case  for  the  water  oxidation  by  holes  on  the  illuminated 
ZnO  surface  which  proceed  in  the  whole  pH  region  up  to  the  iep  and  is  con¬ 
trolled  by  the  photon  flux  too,  but  not  by  H+  or  Zn++  concentration. 
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ELECTROLESS  DEPOSITION  OF  Ni-P  THIN 
FILMS  ON  CERAMIC  SUBSTRATES 

M.  FERNANDEZ,  J.M.  MARTINEZ-DUART  and  J.M.  ALBELLA 
Instituto  de  Flsica  del  Estado  S&lido,  CSIC  and 
Departamento  de  Flsica  Aplicada.  Universidad 
Autfinoma,  Cantoblanco.  Madrid  28049  (Spain) 


Electroless  deposition  of  nickel  films  has  been  widely  used 
for  different  purposes.  Specifically,  the  deposition  methods  ba¬ 
sed  on  the  chemical  reduction  of  a  nickel  salt  by  sodium  hypo- 
phosphite  has  attracted  a  great  interest  for  the  preparation  of 
electrical  resistors  as  well  as  for  other  electronic  devices) *2. 
This  fact  is  due  to  the  phosphorous  incorporation  into  the  nickel 
films  coming  from  the  electroless  bath.  It  has  been  shown2  that 
the  phosphorous  concentration  in  the  deposited  film  has  a  strong 
influence  in  somp  nf  their  physical  properties,  such  as  in  the 
electrical  resistivity  or  in  the  contact  resistance  of  the  metal/ 
/semiconductor  interfaces.  In  the  present  work,  wp  have  investi¬ 
gated  the  deposition  conditions  of  the  electroless  ..  ckel  films 
grown  onto  ceramic  substrates  from  a  typical  hypophosphite  solu¬ 
tion  in  order  to  obtain  good  quality  thin  film  resistors. 

The  basic  electrochemical  reactions  taking  place  during  elec¬ 
troless  Ni  deposition  from  a  hypophosphite  solution  are: 

Ni2*  +  H2PO”  +  H20  *  Ni  +  2H+  +  HPO3  (l) 

and 

H2PO~  +  H20  -  H2PC>3  «•  H2  (2) 

both  reactions  occurring  simultaneously.  The  reaction  (l)  gives 
rise  to  the  nickel  reduction  and  to  the  formation  of  H+  ions. 

The  presence  of  these  H+  ions  during  the  chemical  reaction  dimi¬ 
nishes  the  nickel  deposition  rate^,  which  becomes  practically 
zero  when  the  solution  pH  falls  below  a  value  about  3.  In  order 
to  keep  constant  the  deposition  rate  alkaline  reagents  as  well 
as  other  stabilizing  compounds  were  added  to  the  electroless  so¬ 
lution.  The  final  composition  of  the  solution  was:  nickel  sulfa¬ 
te,  sodium  hypophosphite,  ammonium  chloride,  sodium  citrate,  ace 
tic  acid  and  fixed  amounts  of  ammonia  to  control  the  solution  pH 
to  a  predetermined  value. 

Table  I  reports  the  results  concerning  the  effect  of  the  pH 
and  temperature  of  the  solution  on  the  deposition  rate  of  the 
nickel  deposits  onto  the  ceramic  esteatite  substrates.  From  this 
data,  it  can  be  observed  that  for  a  given  temperature,  the  depo¬ 
sition  rate  increases  with  the  solution  pH.  Within  the  conside¬ 
red  pH  range,  the  deposition  rate  follows  an  exponential  law  accor¬ 
ding  to  the  equation:  v  =  a  exp  (b(pH))  ,  with  a  =  0.64gr  an"2  min”' 

and  b  s  0.22. 


11141 


TABLE  I 


DEPOSITION  RATE  FOR  SEVERAL  TEMPERATURES 
AND  pH  OF  THE  ELECTROLESS  BATH 


Temperature 

(°C) 

pH 

Deposition  rate 
(gr  cm”2  min”1) 

20 

8.2 

40.0 

20 

7.0 

21.8 

20 

6.2 

11.7 

20 

5.0 

6.4 

20 

4.0 

3.3 

20 

3.4 

1.8 

44 

5.0 

43.0 

60 

4.0 

52.4 

60 

3.4 

27.3 

Due  to  this  effect,  the  deposition  rate  becomes  very  slow  in 
the  low  pH  ranges.  However,  as  it  can  be  appreciated  from  table 
I  an  increase  in  the  temperature  up  to  40°  or  60°  C  may  partia¬ 
lly  compensate  the  decrease  in  the  deposition  rate,  making  it 
possible  to  work  with  acid  solutions.  Thus,  by  means  of  an  apro 
piate  selection  of  both  controlling  parameters,  pH  and  tempera¬ 
ture  of  the  solution,  a  wide  range  of  film  characteristics  can 
be  obtained. 

We  have  made  use  of  these  posibilities  in  order  to  deposit 
films  in  a  wide  range  of  the  resistance  values  and  with  a  very 
low  temperature  coefficient  of  the  resistance  (TCR) . 

Samples  with  a  constant  film  thickness  has  been  prepared 
varying  the  solution  pH  between  3.4  and  8.6  at  different  tempe¬ 
ratures.  The  phosphorous  content  of  the  films  has  been  analysed 
by  colorimetric  methods  dissolving  the  films  in  nitric  acid  and 
complexing  the  phosphorous  with  the  Duval  B  reagent.  It  has  been 
observed  that  the  phosphorous  concentration  of  the  films  decrea¬ 
ses  almost  linearly  from  11%  to  5%  when  the  pH  of  the  solution 
increases  in  the  above  mentioned  range.  Simultaneously  the  mea¬ 
sured  TCR  of  these  films  decreases  from  800  to  100  ppm  °c-1 . 
These  results  confirm  the  strong  correlation  existing  between 
the  phosphorous  content  and  the  TCR  of  the  resistive  films.  A 
discussion  of  the  conduction  mechanism  and  the  influence  of  the 
structural  characteristics  of  the  film  deposits  will  be  also 
presented. 
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TBBOVXVG  POiER  AMD  CATHODE  EVTXCXENCT  STUDIES  OF  GOLD 
PLaTXBO  ELECTROLYTES  USED  XV  FRXVTED  CXBCUXTS  AID  E1BCTBOVXCS 

E.  JULVB 

Departement  of  Fhysioal  Chemistry. Faoulty  of  Soienees. 
Universidad  Autdnoaa  do  Boroolono(Bollotorro).  Spain. 


XNTBODUCTXOl 

Although  alkaline-cyanide  electroplating  gold  baths  have  a  good  ca- 
thodo  efficiency  and  produce  good  gold  coatings, unfortunately  they  attack 
both  the  laminate  and  adhesives  used  in  copper  foil  bonding  of  printed 
circuits. So, it  is  necessary  to  provide  a  plating  system  that  does  no 
attaok  these  aatheriala  and  give  uniform  distribution  of  gold  deposits 
on  basis,«ith  a  suitable  thickness  and  dsalrabls  brightness. The  add 
gold  plating  systems  are  able  to  aooomplieh  these  oondltlons.So, in  the 
present  work  we  have  studied  several  aoid  gold  electrolytes  and  compari¬ 
sons  have  been  made  between  them  after  adding  several  organio  compounds 
to  improve  the  uniform  distribution  of  gold  deposit  and  its  quality. In 
order  to  achieve  perfect  distribution  a  suitable  way  can  be  to  create  a 
oertain  conditions  on  the  gold  plating  solutions  so  that  the  cathode  effi¬ 
ciency  falls  with  increasing  current  density. Thus,  if  at  0.001  A/oa?  the 
cathode  efficiency  is, for  instance, 30£  and  at  0.003  l/ca2  the  oathode 
efficiency  is, for  instance, 10£  , then, providing  that  the  cathode  effioi- 
enoy/current  density  relationship  is  non  linear,  uniform  gold  thickness 
can  be  obtained  when  plating  between  these  limits  of  current  density. 

In  this  work  attention  has  been  paid  to  the  phenomenon  of  throwing  po¬ 
wer  and  gold  ooating  distribution. To  this  end  comparisons  were  made  be¬ 
tween  various  types  of  gold  plating  systems, using  Hull  cell  tests. Haring 
-Blum  cell  tests  and  cathode  efficiency  measurements. 

EXPERIMENTAL 

a)  Electrolytes  i  The  aoid  eleotrolytes  studied  were  prepared  from  a 
gold  saltt  potassium  oyan-aurate(l),  to  whioh  a  phosphate-citrate  buffer 
plus  a  metal  oomplex  and  several  organic  compounds (as  brigh toners)  were 
added. These  oompounds  were  lncorpored  to  the  electroplating  bath  in  or¬ 
der  to  increase  the  bulk  density  of  the  eleetrolyte, modi fie  the  buffe¬ 
ring  power  and  modlfie, also, polarisation  characteristics. The  gold  in  the 
bath  was  controlled  by  periodio  analysis, replenishing  it  with  the  gold 
salt  I  [au(CH)2]  when  neoessary.Ths  oompounds  of  different  types  added 
to  the  electroplating  aqueous  baslo  solution  were  the  followlngi 

Bath(l)f  Cobalt  oomplex(CoK2EDTA)( 0,5-10  g/1)  a a  brigfatener  grain  re¬ 
finer. 

Bath(2}t  Viokel  coaplex^iKgEDTAKo, 5-10  g/l)  for  the  same  purpose. 
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Bath(  3) i  organic  brigfataner  olaaa  li  te  t  rae thyl enepen t amine (1-10  g/l). 

Bath(4)i  CoXsBDTi  (0,5-10  g/l)*  tetraethylenepentamine(  1-10  g/l). 

Bath(5)t  IiX2*!>TA  (0,5-10  g/l)*  te tree thylene pen taaine( 1-10  g/l). 

Bath(6),  VlKpKSTA  (0,5-10  g/l)*  organic  brlgbtenar  olaaa  2,  a  ooaden- 
aatlon  product  of  potaaalua  ethyl-xanthate  reaction  with  t ha 
acrolein  (0,5-10  g/l)  and  finally  neutralisation  of  bath  to 
the  operating  pH  with  KDH. 

b)  Hull  oell  Measurements  1  The  oell  to luma  waa  267  the  anode 

was  a  platinised  titanlun  sheet  and  the  oathode( panel)  else  *88110X5*7 
oa( total) (ires  submerged,  50  on2).  Rod  agltatlon(2  n/aln)  in  front  of  oar* 
thode  waa  used. The  measurements  were  aade  under  the  following  conditions 
t  current 1  1  a  .temperature,  30«C(or  as  stipuled  In  the  experiment), pH t 
4,5  (or  as  stipuled  in  the  experl meat). Go Id  eleotrodeposlted  thickness 
was  measured  with  a  "Coulometre  C-120" (Sleotrofinisfa-Prance)  Instrument 
based  on  the  anodio  dissolution  method. 

o)  Harlng-Blum  oell  Measurements  1  The  Haring-Blum  oell  used  had  .the 
dimensions  of  25*  6  on  and  the  platinised  titanium  mesh  anode  and  the 
two  cathodes(panels)  had  an  43*5*5  09  e'en. The  anode  was  situated  4  on 
from  one  end  in  order  to  give  a  ratio  of  oathode  diatanoe  of  5>1*  A 
small  stirrer, situated  in  the  middle  of  the  oell, was  used  to  oirculate 
the  solution  slowly  around  the  two  compartments  of  the  oell. A  current 
density  of  0.01  a/ob  was  applied  to  both  cathodes, which  were  weighed 
before  and  after  electroplating. An  analytical  assay  balanoe  "Sartorious" 
monoplate  was  used. 

d)  Efficiency  Measurements  1  Cathode  efficiency  was  measured  for 
eaoh  electro lyte( carrying  the  respective  additive)  at  different  current 
densities  to  show  ohangws  la  the  efflolency-ourrent  density  curve  and  to 
obtain  an  electroplating  bath  which  gave  effloiency-current  density  cur¬ 
ves  with  a  negative  slope.!  oopper  ooulometer  was  run  In  series  during 
each  test  and  temperature  and  pH  values  were  as  stipulated  for  eaoh  ex¬ 
periment. Agitation  was  rooking  oathode  movement  at  2  m/mi a.  All  measu¬ 
rements  were  aade  simultaneously  in  series, electroplating  onto  brass 
panels  of  appropiate  area. 

RESULTS  AID  DX3CUS3X0H 

a)  Eleotrolyte  ,  as  result  of  this  investigation  we  have  found  that 
the  best  eleotroplatlng  acid  gold  batb(with  uniform  deposit  distribu¬ 
tion,  good  throwing  power  and  suitable  brightness)  to  use  la  printed  cir¬ 
cuits  and  eleetronlos  has  been  the  following, 

Gold(as  X  [10(0)2] )*10  g/l  |  Potassium  dlhydrogen  phosphate, lo  g/l  1 
Potassium  citrate,  40  ^lf  Citrlo  sold,  40  g/lf  Ilokel(as  VIK2SDTA), 

2  g/l,  organic  brlghtener  class  2  (condensation  product  of  potassium 
ethyl-xanthate  reaotlon  with  acrolein),  1,5  g/l .  The  density  of  aqueous 
baths  is,  12-13  *B4.  The  operation  conditions  are,  Temperature,  30-32  »C 
pH,  4, 0-5, 0(ad justed  with  K0B)|  current  density,  0,01-0,02  a/09**  ano- 
de/cathode  ratio,  l/l  ,  continuous  filtration  ,  agitation  by  cathode 
oaoillation(4  rn/mln  speed). 
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b)  iffioisnor  i  A*  ft*.  1  shows,  only  in  bath(6)  (with  high  densi¬ 
ty  and  improved  buffering  powr  and  carrying  a  natal  ooaplax  and  an  or- 
ganio  brightanar  olaaa  2)  tba  efficiency  falla  with  increasing  currant 
density. 

o)  Hull  oall  i  As  ns  oan  ass  in  Fig.2(that  ahoss  distribution  of  gold 
deposits  obtained  fron  various  sold  gold  baths  on  a  1  Anp.Hull  osll  pa¬ 
nel)  tbs  deposit  thi obsesses  tend  to  increase  oontinously  with  increa¬ 
sing  current  density  in  the  oases  of  baths  1,2, 3.4  and  5*  Only  in  tbs 
oase  of  bath  6  there  is  a  significant  fall  in  thloknsss  at  high  current 
density. 

d)  Harlm-Blua  oelli  The  fornula  used  for  calculating  the  throning 
power  was  not  the  original  given  by  Haring  and  Blua, but  the  fomo- 
la  proposed  by  Fi«ld*  T(i)  y  I  -  M  *  100  ,  where  I  is  the  cathode 

K  ♦  K  -  2 

distance  ratio(K«5)  and  M  is  the  ratio  of  the  weights  of  gold  deposited 
on  the  near  and  far  cathodes. Ths  results  have  been  the  following^  to  0.01 
A/ca^average)t  bath(l),l#  ,bath(2),14#  ,beth(3).l8*  ,bath(4)«20*  .bath 
(5)«21<  and  batb(6)i44}(. 

C0ICLU3I0HS 

The  bath( 6), proposed, has  a hewn  to  have  a  negative  effiolenoy/ourrent 
density  slope  and,froa  the  Hull  cell  data  at  0.03  a/os2,  we  oan  see  that 
the  slope  of  ths  thiokneae-ourreat  density  curve  is  nuoh  less  *>»»"  at 
0.01  k/ ca2 .  Also, at  O.Ol  A/on2  ths  slope  of  ths  thickness-current  densi¬ 
ty  curve  for  bath(6)  is  less  than  that  for  the  other  experienoed  baths. 
Hence, the  throwing  power  and  distribution  of  deposit  is  better  when  we 
electroplating  with  bath(6)  than  when  plating  with  any  of  ths  other  sold 
gold  baths. 


*  (A/cmx)  l  (A jcmx) 


11160 


Pt  ANODES:  INTERRELATION  OF  CORROSION,  ELECTROCATALYTIC 
AND  ADSORPTION  CHARACTERISTICS. 

Ya.M.Kolotyrkin,  A.N.Chemodanov,  I.I.Asheulova 

L.Ya. Karpov  Institute  of  Physical  Chemistry,  Moscow  (USSR) 


The  paper  presents  experimental  results  on  the  kinetics  of 
the  smooth  Pt  anodic  dissolution  at  potentials  of  O2  evolution. 
As  is  known,  these  processes  accompany  as  side  reactions  many 
practically  important  electrochemical  processes  realized  on  Pt 
anodes  in  aqueous  media.  Pt  dissolution  rate  Was  determined  by 
radiotracer  technique. 

The  experimental  data  indicate  kinetic  similarity  of  both 
reactions1.  In  H2S04,  HNOj,  NaOH  and  AcNa+AcH  solutions  the 
steadystate  dissolution  of  Pt  at  measurable  rates  (£10“9  A/cmE 
may  be  monitored  only  after  reaching  potentials  at  which  stea¬ 
dystate  02  evolution  starts.  Under  potential  (or  current  den¬ 
sity  i)  variation  the  reaction  rates  iP£  and  iQ  change,  in  ma¬ 
ny  cases,  roughly  proportionally  to  each  other; 2  in  the  absen¬ 
ce  of  other  electrode  reactions  this  is  manifested  in  that  the 
current  efficiency  of  Pt  dissolution  CE  t  =*  ipt/i  as  a  functi¬ 
on  of  i  is  practically  constant  (Fig.l).  Sometimes  CEpt  remains 
constant  also  under  varied  electrolyte  concentration  (pig. 2) 
and  pH. 

Such  a  parallelism  of  Pt  dissolution  and  02  evolution  kine¬ 
tics  can  be  explained  presuming  that  both  reactions  proceed 
through  intermediate  stages  of  chemisorbed  metal-oxygen  compo¬ 
unds'  formation1.  Many  experimental  data  prove  the  existence 
of  an  interrelation  between  the  Pt  anode's  corrosion  behaviour 
and  its  surface  coverage  by  chemisorbed  oxygen,  0O  .  Thus,  for 
some  systems  there  has  been  established  a  correlation  between 
0O  decrease  observed  in  the  presence  of  other  adsorbed  par¬ 
ticles  (  Q0  was  determined  by  fast  voltammetry  technique) ,  and 
anode  dissolution  inhibition  (Fig. 3). 

Based  on  the  developed  concepts  and  experimental  data  we 
may  out  forward  some  considerations  as  to  the  conditions  for 
the  appearance  of  the  above  mentioned  parallelism. 

For  acidic  electrolytes  with  nonsurfaceactive  anions,  which 
do  not  undergo  anodic  oxidation,  the  CEp.  constancy  should  be 
expected,  first  of  all,  in  the  potential  region  where  practi¬ 
cally  all  the  current  is  used  for  water  molecules  discharge 
with  02  formation.  Pt  dissolution  rate  in  this  region  depends 
little  on  the  anion'  nature;  the  differences  in  CEpt  values 
observed  for  different  acids  are  conditioned  mostly^by  the  dif¬ 
ferences  in  0,  evolution  kinetics. 

The  effect  of  potential  on  CEpt  may  occur  at  higher  poten¬ 
tials  when,  besides  water  discharge,  the  anions'  discharge  be¬ 
comes  also  possible.  If  the  latter  reaction  does  not  involve 
the  appearance  on  the  Pt  surface  of  particles  facilitating  me¬ 
tal  dissolution,  then  CEpt  would  decrease  with  increasing  pola¬ 
rization.  Whether,  in  this  case,  the  current  efficiency  of  Pt 
dissolution  related  to  the  partial  02  evolution  rate  CEpt  = 

=  ipt/io0  remains  constant  will  depend  on  the  composition  of 
final  Electrolysis  products.  If  the  anion  discharge  accompa¬ 
nied  by  formation  of  new  products,  the  parallelism  between  Pt 
dissolution  and  0^  evolution  would  remain;  this  case  is  reali- 
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zed  under  anodic  oxidation  of  chloride  and  chlorate2.  If  the 
resulting  radical  intermediates  at  further  chemical  stages  re¬ 
act  with  water  forming  O2  and  regenerating  the  parent  anions, 
then  the  ipt/i0  ratio  would  decrease}  an  example  may  be 
lM(HN03+NaN03T^solution  electrolysis  with  the  only  final  ano¬ 
dic  product,  at  any  potential,  being  02  (Pig. 4). 

In  the  cases  when  surface  particles  formed  during  anions 
discharge  may,  along  with  surface  oxygen  particles,  directly 
participate  in  Pt  dissolution  reaction,  a  shift  from  water 
discharge  potentials  to  preferential  anion  discharge  potenti¬ 
als  might  be  accompanied  by  the  increase  of  ipt/i()  ratio.  At 
that,  generally  speaking,  CEpt  may  decrease  or  2increase 
as  well.  The  former  case  seems  to  be  realized  in  the  system 
Pt-acetate  electrolyte.  The  latter  case  might  be  expected  in 
conditions  when  anion  discharge  sharply  acceleratesanode  dis¬ 
solution.  Further  potential  increase  in  anion  discharge  region 
may  cause  CEp*  stabilisation  on  a  new  level. 

The  described  parallelism  effects  seem  to  be  of  rather  ge¬ 
neral  character  and  were  observed,  besides  Pt,  for  some  other 
noble  metals  anodes  (Ru,  Ir  at  low  polarization)  and  metalo- 
xide  anodes  (Ru02»  DSA) . 

The  prospects  for  practical  application  of  the  existing 
interrelation  of  noble  metal-based  anodes  dissolution  and  ano¬ 
dic  C>2  evolution  are,  first  of  all, associated  with  possible 
development  of  relatively  simple  techniques  to  control  and  pre¬ 
dict  corrosion  behaviour  of  such  anodes,  basing  on  measure¬ 
ments  of  the  accompanying  02  evolution  reaction  rates. 
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Fig.l.  Current  efficiency  of  Pt 
dissolution  as  a  function 
of  current  density 

0  4M  KF,  pH  10 

X  4M  K3P04 

□  0, 5M  H2S04 

A  1M  HC10. 

4 

O  5M  NaOH,  50°C 
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Fig. 2.  Current  efficiency  of  Pt 
dissolution  as  a  function 
of  solution  concentration 

O  AcNa  +  AcH  (1:1) , 

V  =  2,84  V  (n.h.e. ) 

□  K3P04,  'f  =  2,2  V  (n.h.e.) 

A  i  *  0,1  A/cm2 


C(M) 


i - r 


Fig. 3.  Pt  dissolution 

rate  in  KF  solu¬ 
tion,  pH  13,5 

( o  )  and  surface  cove¬ 
rage  by  chemisorbed  oxy 
gen  (  a  )  as  a  function 
of  solution  concentrate 
on.  ¥ =  2,2  V  (n.h.e. ) 


10'1  i 

i(A/cm2) 


Fig. 4.  Curve  1  -  current 
efficiency  of  Pt 
dissolution  in 
1M  (HN03+NaN03)  as 

a  function  of  cur¬ 
rent  density. 

pH  values :  A  -  0, 1 

V  -  0,6 

0-1.1 

x  -  1, 5 

0-2,0 

Curve  2  -  steadystate 
polarisation  curve  for 
Pt  in  1M  HN03> 
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EQOSTICS  07  THE  INITIAL  STAGES 
07  GALVANOSTATIC  SLBCTBODEPOSITION 

A.N.BARABOBHKIN,  V.A.  ISAEV 
Institute  of  Electrochemistry,  Sverdlovsk,  USSR 


Under  galvanostatio  conditions  of  nucleation  and  growth 
of  the  new  phase  supersaturation  varies  substantially  during 
electrodeposition*  An  important  feature  of  this  process  is  the 
interdependence  between  the  nucleation  kinetics  and  the  nucleus 
growth  one.  The  transfer  of  the  substance  to  the  electrode  is 
effected  in  this  case  under  non-stationary  conditions*  The  eme¬ 
rgence  of  nuclei  leads  to  a  redistribution  of  the  current  at 
the  electrode. 

Tor  the  description  of  this  process  the  computer  simulati¬ 
on  method  has  been  used.  With  this  method  the  nuclei  are  intro¬ 
duced  into  numerical  memory  of  the  computer  and  their  evolution 
is  monitored. 

The  current  balance  equation  for  a  given  instant  of  time 
is  as  follows 

where  I  is  the  external  current,  C  is  the  double-layer  capa¬ 
city,  C  is  the  electrode  surface  area,  £  is  the  ovexpotenti- 
al,  ia  is  the  current  used  to  form  adatoms,  /«  is  the  ourrent 
used  for  the  nucleus  growth.  The  summation  is  'over  all  the  nu¬ 
clei  existing  at  the  given  instant  of  time.  The  nuclei  are  in¬ 
troduced  into  the  numerical  memory  of  the  computer  at  a  frequ¬ 
ency  determined  by  the  Volmer  rate  of  nucleation 

where  Kt  and  K*  are  nucleation  constants. 

For  adatoms  concentration  T  we  have 


The  concentration  of  ions  being  deposited  near  the  flat  surface 
of  the  electrode  (not  occupied  by  nuclei)  is  equal  to 

.  -  i  f  U(t)*r 

es*c0*  — - I  t  ' 

«rVr<2>  J  V  i  -  F 

o 

where  C0  is  the  concentration  of  ions  being  deposited  in  the 
-electrolyte,  JD  is  the  diffusion  coefficient  of  the  ions  being 
deposited.  The  value  of  is  preset  depending  on  the  nucleus 
mechanism.  * 

In  the  calculations  use  has  been  made  of  experimental  va¬ 
lues  of  the  parameters  of  electrodeposition  of  silver  on  plati¬ 
num  In  nitrate  melts  *  .  The  analysis  of  calculated  data  has  ma¬ 
de  it  possible  to  reveal  the  main  regularities  of  galvanostatio 
formation  and  growth  of  the  new  phase  *  .  following  the  swit¬ 
ching  on  of  current  the  double  layer  charges  up,  the  adatom 
concentration  grows  and  the  overpotential  rises.  After  a  certa¬ 
in  interval  of  time  the  first  nucleus  emerges.  Beginning  from 
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this  moment  a  pari;  of  the  current  is  used  up  for  the  growth  of 
this  nucleus.  The  adatom  concentration  at  which  the  first 
nucleus  evolves  is  several  percent  (1-5)  of  the  concentration 
of  fully  filled  silver  monolayer.  If  the  nucleus  growth  cur¬ 
rent  does  not  exceed  the  external  current,  the  overpotential 
continues  to  grow  and  the  next  nuclei  are  formed. 

At  t  the  total  nucleus  growth  current  exceeds 

the  external  current,  while  the  adatom  concentration  and  over¬ 
potential  deorease.  At  this  stage  of  deposition  a  predominant 
transter  of  adatoms  occurs  from  the  electrode  into  the  bulk  of 
the  electrolyte.  Because  of  thlB  process  the  total  nucleus 
growth  current  can  exceed  the  external  current. 

At  low  current  densities  (10**  -10*  *  A/sm1  )  only  one  nuc¬ 
leus  forms  at  the  electrode.  The  nudeation  process  is  rather 
symmetrical  relative  to  and  •  According  to  esti¬ 

mates  made  the  exchange  current  density  at  the  electrolyte-nuc¬ 
lei  interface  is  at  least  500  A/sm 2 

At  the  final  stages  of  the  process  at  small  overpotentials 
only  the  growth  of  nuclei  occurs  without  the  emergence  of  new 
nuclei.  An  overpotential  rise  at  the  growth  stage  is  possible 
in  case  of  mass  crystallization,  when  the  growing  nuclei  start 
to  c-'erlap.  In  the  theoretical  model*  a  chaow"  distribution 
of  nuclei  over  the  electrode  surface  is  assumed,  law  nucxei 
are  considered  to  be  semispherical ,  emerged  instantaneously  in 
the  region  of  maximum  overpotential. 

Let  us  examine  the  case  when  the  deposit  growth  proceeds 
by  diffusion  of  the  ions  being  deposited  to  the  surface  of  the 
deposit.  The  following  dependence  of  overpotential  on  electro- 
deposition  parameters  has  been  established 

i  ,  i£.V.  RJY  ,4 - i -  , 

iFz  >■  2  i  Fco2)ur0*:)itrn  ’•* 

where  C  is  the  surface  energy  of  the  electrolyte  -  deposit  in¬ 
terface,  V  is  the  molar  volume  of  the  deposit,  Z  is  the  nuc¬ 
leus  radius,  n  is  the  number  of  nuclei  per  unit  area  of  the 
electrode,  x*ZfW'n'  1  a*r ( x)  is  the  Dawson  integral 

ur(x)  *  eocp(-xl)J • 

The  b  ,  l  -  curve  from  the  instant  of  formation  of  nuclei  has  a 
u  -shape.  The  overpotentical  attains  a  minimum  value  at  the 
degrea  of  filling  of  electrode  by  the  deposit  9  *0,57. 
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THE  ANODIC  FORMATION  OF  MERCUROUS  OXALATE 
IN  HCIO4  AQUEOUS  SOLUTIONS 

M.  SARRET,  J.  CLARET  and  M.  MULLER 
Dap.  Qulmica-flaica.  Fac.  Qulmioa.  U.  Barcelona 
Diagonal  647.  08023  Barcelona. 


The  formation  of  mercurous  oxalate  by  anodic  oxidation  of  mercury 
electrode  has  been  showed  by  Armstrong  and  col.  in  a  previous  work*.  The 
purpose  of  this  work  is  to  study  the  electrocrystallization  of  this  com¬ 
pound  in  HCIO^  aqueous  solutions  by  potential  and  current  perturbations, 
in  order  to  establish  the  mechanism  and  kinetics  of  its  formation. 

1.  Voltammetry 

A  typical  voltammogram  is  shown  in  the  figure.  Integration  of  the 


first  anodic  peak  gave  a  charge  of  73i‘5  MCcm~2  and  a  more  detailed  study 
showed  the  characteristic  feature  of  nucleation^  :  an  anodic  peak  in  the 
cathodic  scan.  The  cross-over  potential  is  poorly  defined  and  two  maxima 
are  observed  in  the  reverse  scan  (  -97.0  mV  and  -98. 0  mV  ),  proving  a 
complex  behaviour  of  the  deposit.  This  complexity  can  be  seen  holding  the 
potential  at  -91.0  mV  s  only  a  reduction  peak  is  observed  at  -93.0  mV 
with  a  charge  of  86}7  /iCcm“2.  These  two  cathodic  peaks  seem  to  correspond 
to  two  possible  deposit  structures.  The  form  of  the  peak  and  the  value 
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of  8p  =  0.62  agree  with  the  calculated  for  a  2D  progressive  nucleation 
and  growth  mechanism3. 

The  second  anodic  peak  exhibits  the  feature  of  nucleation,  also. 

When  the  peak  is  allowed  to  gro->  slowly  at  -70.0  mV,  a  only  reduction  peak 
is  observed  whose  charge  depends  on  the  growing  time.  This  second  peak 
seems  to  be  the  three  dimensional  growth  of  the  deposit. 

2.  Potentiostatic  transients 

The  potentiostatic  transients  corresponding  to  different  first  peak 
overpotentials  show  a  general  shape  characteristic  of  a  nucleation  and 
growth  process  with  a  charge  of  7015  pCcm“2.  The  experimental  data  at  low 
overpotentials  (  3-4  mV  )  follow  closely  the  response  predicted  for  a  2D 
progressive  nucleation  (  i/im  vs  t/tm,  i  vs  t2,  imtm  )^.  In  the  overpoten¬ 
tial  range  of  5-7  mV  the  transients  evolution  to  an  instantaneous  nuclea¬ 
tion  and  at  higher  overpotentials  ohmic  control  appears.  The  slopes  of 
the  potential  dependences  of  im  and  tm  involve  an  extreme  dependence  of 
k2A  on  the  overpotential.  The  experimental  data  have  been  tested  also  with 
a  theory  in  terms  of  coverage  5  and  the  conclusions  have  been  the  sane. 

At  overpotentials  higher  than  20  mV  a  second  peak  is  observed  in  the 
current-time  transients.  At  low  overpotentials  thi3  peak  seems  to  corres¬ 
pond  to  a  3D  growth  with  mixed  control,  and  at  higher  overpotentials  is  a 
three  dimensional  growth  with  diffusion  control^. 

3.  Galvanostatic  transients 

Two  galvanostatic  steps  with  the  characteristic  potential  maxima  of 
a  nucleation  process  can  be  observed  or:  the  transients.  The  first  step  cor_ 
responds  tc  a  2D  nucleation  and  growth  of  a  monolayer  (  charge  between  the 
potential  peaks  of  7216  pCcm-2  )  and  the  second  step  is  a  3D  growth.  The 
coverage  6  for  the  mcr.olayer  corresponds  very  closely  to  the  value  of 
0.39  predicted  for  the  instantaneous  nucleation  of  two  dimensional  cen¬ 
ters^.  (  This  different  behaviour  under  potentiostatic  ar.d  galva  astatic 
conditions  has  alredy  been  analyzed1  ).  An  analysis  of  experimental  data 
(  ^iog(3i/^r^  ,  ^  log  ig/^r^  )  allow  us  to  compare  the  experimental  tran¬ 
sients  with  the  potential  rospcr.se  predicted  and  the  agreement  is  sr.tisfac 
tory.  The  came  agreement  is  obtained  in  terms  of  coverages-*.  The  reversi¬ 
ble  potentials  cf  the  layers  are  measured  with  the  open  circuit  technique. 

4.  Impedance  measurements 

The  ccnparatior  of  the  C  vs  E  curve  with  the  volt ammo  gram  show  the 
absence  of  adsorption  in  the  capacitative  range. 
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AUTOCAT ALYT1C  TIN  DEPOSITION 

A.  MOLENAAR  and  B.C.M.  MEENDERINK 
Philips  Research  Laboratories  Eindhoven,  The  Netherlands 


Tin  is  deposited  on  other  metals  (e.g.  copper)  to  produce  a  corrosion 
resistent  or  solderable  coating.  Such  layers  are  usually  made  by  immersion 
plating,  electrodeposition  or  dip-soldering.  Immersion  plating,  which  invol¬ 
ves  a  displacement  of  the  substrate  metal  by  tin,  is  restricted  to  layers 
with  a  limited  thickness;  deposition  ceases  when  the  substrate  is  completely 
covered.  Autocatalytic  plating  gives  the  possibility  of  selective  deposition 
of  metals  to  unlimited  thickness. 

The  Wagner  and  Traud  theory  of  mixed  potentials  for  corrosion  systems?  can 
also  be  used  for  autocatalytic  deposition.  The  polarization  curves  for  inde¬ 
pendent  anodic  and  cathodic  processes  may  be  combined  to  predict  the  overall 
rate  (fig.  1).  Generally  the  electrons  for  autocatalytic  metal  deposition 
are  supplied  by  reducing  agents  such  as  hypophosphite,  formaldehyde  and 
borohydride.  Catalytic  oxidation  of  these  reducing  agents  does  not  occur  on 
a  tin  surface.  We  found  that  tin  deposition  can  be  obtained  by  an  unusual 
autocatalytic  process?.  The  metallization  takes  place  by  a  disproportiona¬ 
tion  reaction  in  which  a  tin(lI)compound  supplies  electrons  according  to  the 
reaction 

Sn?+  compound  — ■ — »  Sn^+  compound  +  2e. 

Analyses  confirmed  that  tin  is  deposited  by  a  disproportionation  mechanism 

25n?+  compound  — — *  Sn^  compound  +  Sn  metal* 

The  mixed  potential  of  the  partial  reactions  in  fig.  1  is  the  plating  poten¬ 
tial  of  the  autocatalytic  tin  solution.  We  measured  the  plating  potential 
over  a  long  period  and  found  a  value  of  about  1022  mV  against  Hg/HgO  refe¬ 
rence  electrode.  In  fig.  2  a  cyclic  voltammogram  is  given  with  an  activated 
copper  surface  as  electrode  measured  in  an  autocatalytic  tin  solution  after 
three  hours  continuous  scanning.  Curve  AB  in  fig.  2  corresponds  to  curve  a 
in  fig.  1  (E^p  =  1021  mV).  At  point  B  the  current  decreases  because  all 
the  deposited  tin  is  dissolved. 

With  a  solution  containing  0.3}  mol/l  tin  ( II )chloride,  2.5  mol/1  sodium 
hydroxide,  0.66  mol/l  sodium  citrate  at  a  temperature  of  75*C  we  found  a 
deposition  rate  of  2.3  pm/hour/cm?,  which  corresponds  to  a  metallization 
current  (im)  of  0.76  mA/cm?  (fig.  2).  Both  a  metallization  solution  made 
with  tin  (Il)chloride  and  a  solution  without  chloride  ions  made  by  oxidation 
of  metallic  tin  gave  the  same  deposition  rate  on  a  catalytic  surface.  Both 
solutions  also  gave  the  same  NMR  spectrum.  So,  the  disproportionating  agent 
does  not  consist  of  a  chloride  complex.  It  is  likely  that  a  tin(II)hydroxy 
compound  is  the  active  species  on  the  tin  metal  surface.  Because  the  solu¬ 
tions  are  stable  for  days  the  disproportionating  agent  must  be  formed  from 
an  inactive  tin( II )compiex  in  the  solution  to  give  an  active  compound  on  the 
growing  tin  surface.  A  possible  reaction  mechanism  for  the  disproportiona¬ 
tion  is 
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SnJ-0  -  Sn  -  OH  ♦  H20  ♦  2e  - *  Sn  ♦  2 OH*  ♦  Sn-^OH 

Sn+  0  -  Sn  -  OH  ♦  40H*  - »  SnOj2*  ♦  2H20  ♦  2e  ♦  Sr>-|-OH 

2Sn$-0  -  Sn  -  OH  ♦  2 OH*  - -  Sn  ♦  SnOj2*  ♦  H20  ♦  2Sn4»0H 

Sn-^-0  -  Sn  -  OH  can  be  formed  from  the  solution 

(Sn*|“0H  ♦  HSn02*  +—*  Sn^-O  -  Sn  -  OH  0H*)2 

As  overall  reaction  Me  therefore  find 

2HSn02"  — —  »  SnOj2*  +  Sn  ♦  H20 

We  tried  to  identify  the  disproportionating  agent  by  Conversion  Electron 
Mossbauer  Spectroscopy  with  a  moving  disk  electrode  as  described  by  Kor- 

desch^. 
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Fig.  1.  Schematic  anodic  and  cathodic  processes  for  autocatalytic  metal 
deposition  and  metal  corrosion. 

Fig.  2.  Cyclic  voltammogram  using  an  active  copper  surface  as  electrode  mea¬ 
sured  in  an  autocatalytic  tin  solution  after  three  hours  continuous 
scanning. 
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EFFECT  OF  UV-ILLUMINATION  ON  THE  DISSOLUTION  OF  ZnO  POWDER  AQUEOUS 
SOLUTIONS . 

A.  Prieto,  J.  Domgn ech  and  C.  Franco. 

Departament  de  Qulmica  Flsica.  Universitat  Autfinoma  de  Barcelona 
Bellaterra (Spain) . 


The  stability  of  semiconductor  powder  suspensions  were  inves¬ 
tigated  under  UV-irradiation.  The  decomposition  of  ZnO  was  deter¬ 
mined  by  measuring  polarographically  the  resulting  Zn(ll)  concen¬ 
tration  in  solution  at  different  irradiation  times,  pH,  and  mass 
of  semiconductor. 

The  effect  of  adding  different  hole  scavangers  was  also  inves¬ 
tigated.  Finally,  some  electrochemical  measurements  were  carried 
out  with  the  aim  to  determine  the  energy  levels  of  electrons  in  the 
semiconductor  particles  under  illumination. 

Some  dissolution  of  the  ZnO  aqueous  powder  (0,25  g/30  ml  water, 
pH=6 , 5)  was  noted  after  stirring  for  several  minutos  in  the  dark, 
yielding  an  equilibrium  concentration  of  0,05  mM,  which  indicates 
that  ZnO  suffers  a  slow  chemical  attack.  Under  illumination,  the 
ZnO  decomposition  increases  in  agreement  with  the  negative  E® (stan¬ 
dard  potential  of  decomposition)  respect  to  the  water  oxidation. 

This  photodecomposition  increases  linearly  with  time(  Zn(II)  =0,082 
mM  at  30  min.).  At  pH  of  9,7,  the  amount  of  ZnO  decomposed  is  the 
same  as  in  the  dark  (  Zn(II)  =0,015  mM) .  At  pH<5,  the  ZnO  disso¬ 
lution  is  complete  in  the  dark. 

On  the  other  hand,  it  has  been  observed  the  formation  of  H202 
which  can  be  produced  from  the  reduction  of  02  present  in  the  so¬ 
lution  by  the  conduction  band  electrons  or  by  water  oxidation  by  the 
valence  band  holes  created  by  illumination.  The  presence  of 
H202  is  not  observed  when  02  is  removed  by  bubling  the  suspension 
with  N2 .  Under  these  conditions,  it  has  been  obtained  the  same  amount 
of  Zn(il),  that  when  02  is  present.  This  fact  indicates  that  H20_ 
is  formed  by  the  02  reduction  and  not  by  water  oxidation,  e.g.  ^ 
water  does  not  competes  efficiently  with  ZnO  decomposition  for  hole 
capture. 

It  has  been  observed  that  an  increase  of  the  mass  of  ZnO  in¬ 
creases  the  amount  of  semiconductor  decomposed.  However,  the  ini¬ 
tial  decomposition  rate  for  different  mass  of  ZnO,  are  the  same. 

This  behaviour  is  consistent  with  the  fact  that  the  ZnO  decomposed 
is  lower  when  the  suspension  is  not  stirred. 

The  decomposition  of_ZnO  particles_in  presence  of  0-,  was  de¬ 
termined  by  adding  I  ,  Br  ,  Cl  and  Aco  ions  acting  as  nole  sca¬ 
vangers,  at  different  concentrations  and  irradiation  times.  It  has 
been  observed  that  the_stability  of  ZnO  cUlcreases  in  the  order, 

I  >  Br  >  AcO  >  H20>C1  .  Further,  _the  stability  increases  with 
the  salt  concentration  for  l",  AcO-  and  Br",  while  decreases  with 
concentration  increasing  for  Cl".  The  results  for  halide  ions  are 
in  agreement  with  the  thermodynamics  requirements,  according  with 
the  location  of  the  energy  levels  (see  figure) .  The  AcO  ion  is 
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a  well  known  hole  scavanger  largely  used  which  goes  to  irreversible 
oxidation  by  the  valence  band  holes,  to  produce  probably  methane 
and  Coi' 

Tne  energy  levels  of  the  electrons  in  the  semiconductor  parti¬ 
cle  under  irradiation  in  presence  of  0,1  M  of  I  ,  Br”,  Cl-  andAcO 
ions,  have  been  determined  by  electrochemical  measurements  by  means 
a  three  electrode  systems  ,  where  the  working  electrode  was  an  slurry 
electrode.  '  .  The  measured  photocurrent  was  compensated  for  the 
photoreponse  of  the  Pt  collector  electrode.  The  energy  levels  of 
the  electrons  in  the  semiconductor  particles  under  irradiation,  in 
presence  of  the  ions  above  mentioned  and  referred  to  SCE  decreases 
as  follows.  Cl  (0,4  v)>  Aco”(-0,2  v. Br”^>  I- (-0, 1  v) , (experimen¬ 
tal  conditions:  0,10  g  ZnO/25  ml  solution,  N_  purged). 

Further,  it  has  been  observed  a  photocurrent  enhancement  on 
introducing  Fe(CN)i  ion  into  the  different, solutions.  This  fact 
is  consistent  with  the  reduction  of  Fe(CN)g  by  the  photogenerajed 
electrons  in  the  particles  and  the  posterio?  oxidation  of  Fe(CN)g 
in  the  Pt, collector  electrode  held  at  +0,4  v.  The  photorreduction 
of  Fe(CN)g  is  possible  because  the  measured  potential  of  photoelec¬ 
trons  in  the  ZnO  is  negative  respect  to  the  redox  potential  for 
Fe(CN)g  (E^O , 11  v)  in  all  cases. 

Due  to  the  great  surface/volume  relation  in  the  semiconductor 
powders,  the  photoelectrochemical  process  will  be  governed  by  the 
interface  features  and  particularly  by  the  existence  of  surface  sta¬ 
tes.  The  ion  adsortion  on  the  particle  creates  surface  states  which 
behave  as  acceptors  or  donors  of  electrons.  Under  illumination  a 
redistribution  of  the  electron  occupancy  in  these  surface  states, 
and  a  variation  of  the  band  bending,  is  produced,  leading  to  a  ra¬ 
pid  flux  of  electrons  from  the  surface  states  to  the  conduction 
band  (donor  surface  states)  or  viceversa  (acceptor  surface  states) 
Hence,  the  quasi-Fermi  levels  on  the  particle  surface  are  shifted 
with  respect  to  the  position  which  it  would  have  in  the  absence  of 
surface  states.  Then,  the  greater  or  lesser  overlap  of  the  surface 
states  with  the  redox  levels  in  solution,  will  control  the  oxida¬ 
tion  kinetics  of  the  anions  with  the  valence  band  holes.  A  very 
low  overlap,  favoures  e-h  recombination  or  the  semiconductor  photo¬ 
corrosion. 
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The  existence  of  donor  surface  states,  increases  the  energy 
of  the  electrons  in  the  particle  leading  to  a  greater  value  for  the 
difference  between  E.  in  the  dark  and  under  illumination,  than  in 
the  case  of  the.existence  of  acceptor  surface  states.  These  diffe¬ 
rences,  E>  -Ei  ,  have  been  obtained  experimentally  by  measuring  . 
the  difference  between  the  potential  of  the  collector  electrode  and 
that  of  the  reference  electrode  in  the  dark  and  under  illumination, 
in_shortcircuitr.  These  differences  decreases  in  the  order: 

Cl  ?  AcO  >  Br  ^  I  ,  which  coincides  with  the  order  established  for 
the  electron  engjgj^  ljyels  in  the  particle  under  irradiation.  Fur¬ 
thermore,  the  E,  -E-  -values  are  positive  in  all  cases,  except 
for  I  ion  which  is  practically  zero.  Consequently  it  can  be  con¬ 
cluded  that  Cl  ,  AcO  and  Br  induce_the  formation  of  donor  surface 
states  in  the  particle,  whilst  for  I  ion  the  acceptor  surface  sta¬ 
tes  play  an  important  role. 

REFERENCES 

1-  B.  Kraeutler  and  A.J.  Bard,  J.Am.Chem.Soc. ,100,  5985(1978). 

2-  M.  Fujii,  et  al.,  Chem.Phys.Lett. ,  106 ,  517TT5'84)  . 

3-  W.  Dunn  et  al.,  J.Am.Chem.Soc.,  10373456(1981). 


11210 


INVESTIGATION  OF  THE  ELECTROCHEMISTRY  OF  IRON  ON  IN-8XTU 
GENERATED  SURFACES  IN  ALKALINE  SOLUTION 

KEMAL  NX  SANC I OGLU 

Division  of  Metallurgy  and  Corrosion  Cantor,  SXNTEF  and 
Department  o-f  Industrial  Electrochemistry,  Norwegian 
Institute  o-f  Technology,  N-7034  Trondheim-NTH,  Norway 

M.  METZGER 

Department  o-f  Metallurgy  and  Mining  Engineering  and 
Materials  Research  Laboratory,  University  o-f  Illinois  at 
Urbana~Champalgn ,  Urbana,  XL  61801,  USA 


The  passive  behavior  of  iron  in  moderately  alkaline 
solutions  has  been  extensively  studied.  Various  chemical, 
electrochemical  and  mechanical  techniques  are  employed  for 
activating  the  electrode,  and  these  are  fallowed  by  the 
application  of  fast  transient  techniques  for  determining  the 
electrochemical  behavior.*'9  An  unexpected  result  of  an 
investigation  of  the  electrochemical  behavior  of  the 
i ntermetal 1 ic  phase  AlaFe  in  alkaline  solution  was  that 
sufficiently  active  iron  surfaces  could  be  generated  in  situ 
by  selective  dissolution  of  the  A1  component  at  potentials 
well  below  the  reversible  potential  for  oxidation  of  iron.* 
As  a  result,  oxidation  and  reduction  phenomena  could  readily 
be  detected  without  resorting  to  fast  transient  techniques. 

The  AlaFe  phase  was  prepared  from  pure  A1  and  Fe  by  a 
controlled  solidification  procedure.  The  phases  were 
separated  from  the  surrounding  aluminum  matrix  and  recast  in 
epoxy  to  produce  mu 1 1 i crystal  1 i ne  AlaFe  electrodes.  After 
polishing  metal lographlcal ly  through  0.09  yum  alumina,  the 
electrodes  were  immersed  in  deaerated  0. IN  NaOH  solution, 
maintained  at  29*C ,  for  polarization  tests.  The  latter 
consisted  mainly  of  cyclic  sweeps  between  various  potential 
limits  at  a  rate  of  100  mV/min. 

Fig.  l  depicts  typical  vol tammograms  which  can  be  obtained 
by  this  technique.  The  oxidation  peak  1  is  associated  with 
the  selective  dissolution  of  aluminum  leading  to  an 
enrichment  of  the  crystal  surface  with  a  layer  of  pure  iron. 
This  has  been  confirmed  presently  by  mlcroanalytical 
investigation  of  surfaces  generated  by  potent iostat 1 ng  the 
specimens  at  potentials  more  negative  than  the  peak  1 
potential.  Prolonged  exposure  of  the  crystal  in  this  manner 
leads  to  exfoliation  of  flakes  of  iron  at  the  surface.  These 
flakes  were  observed  to  exhibit  a  highly  porous  structure. 
The  apparent  activity  of  the  surface  as  an  anode  can  thus  be 
related  to  a  large  effective  electrode  area  due  to  the 
porosity  of  Fe  layer. 
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A  passivation  procsss  is  initiatsd  at  -1.179  V* 
cor respond i ng  to  ths  currant  maximum  at  paak  1.  This 
potant 1 al  is  found  to  be  raproducibla  within  only  a  few 
millivolts.  During  ravarsa  potantial  sweep,  the  currant 
starts  rising  towards  paak  1  at  about  tha  sama 
charactar istic  potantial  Indicating  a  naarly  rsvarslbla 
reduction  of  tha  passivating  oxide  and  rasumption  of 
salactiva  dissolution  of  aluminum.  Basad  on  tha  work  of 
Bursts) n  and  Ashley,"  tha  passivation  procass  is  attributad 
o  tha  formation  of  an  adsorbad  monolayar  of  FaOH  on  tha  Fa 
1  ay ar . 

As  tha  potantial  is  incraasad  in  tha  posltiva  direction,  tha 
adsorbad  layar  and  matallle  iron  oxidize  to  form  tha 
divalent  bulk  oxida  Fe(OH)*.  This  process  is  responsible  for 
paak  2  observed  at  -1.04  V,  which  is  about  90  mV  more 
positive  than  tha  rsvarslbla  potantial  calculated  for  tha 
formation  of  a  bulk  Fe<0H)a  from  metallic  iron.*  Based  again 
on  tha  thermodynamic"  and  kinetic  data1  available  for  iron 
in  alkaline  solutions,  wa  believe  that  paak  3  at  -0.90  V 
corresponds  to  tha  formation  of  FeaCU  by  oxidation  of 
Fa ( OH ) a  and  metallic  iron. 

Tha  steady-state  condition  of  tha  AlaFe  surface  in  tha 
potential  range  between  peaks  1  and  4  can  ba  described  as 
essentially  passive.  Application  of  a  constant  potantial  to 
a  passivated  specimen  in  tha  vicinity  of  paak  4,  however, 
leads  to  an  increase  of  currant  with  time.  At  an  applied 
potantial  of  -0.79  V,  tha  currant  stabilizes  at  about  2 
mA/cni*  after  30  min  indicating  tha  presence  of  a 
transpassiva  condition.  Another  evidence  for  this  condition 
is  the  fact  that,  like  paak  1,  tha  oxidation  paak  4  is 
observed  independent  of  tha  sweep  direction,  while  peaks  2 
and  3  are  only  observed  during  potantial  sweep  in  tha 
positive  direction.  Tha  transpassiva  condition  of  tha 
surface  is  further  verified  by  the  observation  that 
specimens  potent t ostated  at  about  -0.79  V  form  exfoliating 
layers  of  rust  on  their  surfaces.  In  view  of  the  foregoing, 
we  believe  that  peak  4  is  a  result  of  selective  dissolution 
of  aluminum  (peak  4a)  followed  by  the  oxidation  of  metallic 
iron  into  YFeaOa  (peak  4b  at  -0.66  V).  Lower  valence  oxides 
farmed  up  to  this  paint  are  also  expected  to  oxidize  further 
into  YFeaOa.  After  the  potential  sweep  is  reversed,  the 
first  oxidation  peak  observed  (4a)  is  again  due  to  selective 
dissolution  of  aluminum.  This  is  followed  by  the  oxidation 
of  fresh  Fe  generated  at  the  surface  (peak  4c)  into  an  oxide 
having  the  most  favorable  oxidation  kinetics  at  about  -0.89 
V.  FeaQ«  can  be  formed)  however,  since  this  is  a  slow 
reaction,4  the  formation  of  Fe(0H)a  is  more  probable. 

Peak  4c  is  followed  immediately  by  reduction  processes 
char ac ter i zed  successively  by  peaks  4’  and  2’,  respectively, 
at  -1.03  V  and  -1.18  V.  These  reduction  processes  can  be 
correlated  with  the  oxidation  processes  described  by  peaks 


4)  All  potentials  are  reported  with  respect  to  SCE. 
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4b  *nd  2,  respec t 1 ve J y ,  by  r*v»p»lng  the  potential  sweep 
after  »»ch  oxidation  peek  as  d*monitr«t«d  in  fig.  1.  A 
redaction  peak  cor respond i ng  to  peek  3  cen  be  obtained  only 
if  the  potential  sweep  is  reversed  in  the  negative  direction 
immediately  after  resolving  peak  3.  The  reduction  peak  then 
observed  (peak  3’)  lies  at  a  more  negative  potential  than 
peak  2’  indicating  that  the  reduction  of  FeaO*  is  a 
relatively  slaw  process.  Thus,  peak  4 ’  is  attributed  to 
reduction  of  KfeaOa  to  Fe (OH) a,  and  peak  2*  is  associated 
with  the  reduction  of  Fe(OH)a  to  metallic  iron. 

The  numerical  values  of  potentials  cited  above  for  the 
oxidation  and  reduction  peaks  related  to  the  formation  and 
reduction  of  bulk  oxides  on  A1 »Fe  crystals  agree  very  well 
with  the  fast-scan  voltammetry  data  reported  by  Qeana  et 
al.»  for  pure  iron  at  pH  13,  with  the  possible  exception  of 
peak  2’,  which  is  presently  superimposed  on  the  anodic  peak 

1.  However,  our  i nterpretat 1  on  of  these  data  are  more  in 
line  with  the  work  of  McDonald  and  Owen,1  especially 
concerning  the  significance  of  peaks  2  and  3. 
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El 3j.  .1  •  Typical  cyclic 
polarization  curves  for 
the  A1 aFe  phase  in  0. IN 
NaOH  with  sweep  reversal 
at  three  different 
potentials.  The  negative 
limit  for  each  cycle  is 
-1.3  V. 
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Introduccion  :  Previous  current-potentiel  curves  (l)  relative  to  gadolinium 
anodic  dissolution  in  methanolic  lithium  perchlorate  solutions  at  -76°C  show 
the  viscosicy  increase  (2-propanol+MeOH)  as  the  dielectric  constant  decrease 
(THF  *  MeOH)  raise  the  transpassive  potential  Em«  (upper  limit  of  passivity 
range)  and  reduce  both  the  passive  and  active  current  densities  (fig.l).  At  this 
low  temperature,  the  H£0  influence  (fig. 2)  and  the  solute  concentration  role 
are  explained  by  the  high  viscosity  increase.  The  potentiodynamic  curves  at 
-76*C  with  various  potential  scan  rates  (vs  Ag/AgCl)  exhibit  active,  passive 
and  transpassive  ranges  which  correspond  nearly  to  corrosion,  pitting  and  elec¬ 
tropolishing  (2).  The  significant  parameter  which  quantitatively  characterizes 
the  anodic  dissolution  process  is  the  faradaic  efficiency,  p,  defined  as  the 
ratio  of  the  weight  loss  actually  measured,  wex>  to  the  weight  loss,  Wtjj,  pre¬ 
dicted  by  Faraday's  law  assuming  a  normal  oxidation  state,  n,  for  the  metal 
ions  in  solution,  i.e.  n«3  for  Gd.  The  apparent  valence  of  dissolution,  Ne,  is 
calculated  using  the  relation  :  Ne-AQ/WexF,  where  A-molecular  weight  of  Gd, 
Q»electric  charge  passed,  F«Faraday,  and  hence  p-n/Ne.  A  constant  valence  value 
Ne-1.4-1.5  is  observed  at  -76*C  in  anhydrous  MeOH  and  its  mixtures  with  THF, 
2-propanol  and  H2O,  which  is  independent  of  perchlorate  cations,  (Li  or  alkali¬ 
ne  earths),  if  the  cell  potential  or  the  current  density  is  high  enough  (1)(2). 
Moreover,  a  same  value  of  Ne  is  found  (2)  in  MeOH  containing  0.115M  LiClO*,  + 

0. 1 15MLiCl  (fig. 3)  contrary  to  NeM  in  0.23M  LiCl+MeOH.  If  dissolution  would 
involve  formation  of  transitory  monovalent  Gd'*’  (very  powerful  reducing  agent) 
which  subsequently  could  react  chemically  in  the  electrolyte,  Ne  for  dissolu¬ 
tion  should  be  the  same  for  LiClOA  and  LiCl,  since  homogeneous  chemical  reac¬ 
tions  following  the  charge  transfer  step  at  the  interface  do  not  affect  the 
weight  loss. 

Perchlorate  reduction:0ur  preceeding  investigations  reveal  the  important  role 
ol  Cl”  in  the  anodic  dissolution  of  Gd.  Hence,  the  quantitative  chemical  analy¬ 
sis  of  Cl  is  carried  out  after  the  electrolysis  by  Mohr's  method  because  of 
reduction  of  perchlorate  to  chloride.  The  fig, 4  is  relative  to  the  variation  of 
Ne  and  the  Cl-  amount,  m^i-,  (for  a  given  charge  passed  Q-300C)  with  the  cur¬ 
rent  density,  i,  from  0.005  to  0.68  A.cm”2  at  -  40®C  in  anhydrous  0.23M  LidO^- 
MeOH  solution.  A  quantitative  relation  between  the  amount  of  Cl”  liberated  and 
the  Ne  value  is  noticed  at  any  current  density.  Moreover,  the  Ne  plateau  cor¬ 
responds  to  a  bright  Gd  surface:  electropolishing  conditions, i.e.  transpassive 
range.  If  we  assume  a  Gd  dissolution  process  at  the  anode  such  as  :  Gd°  (metal) 
-Gd3+(CH30H)2  +  3e~  [I],  with  the  Nerst  potential  of  -2.40  V  (in  aqueous  sys¬ 
tems),  we  must  suppose  the  Cl 0£  reduction  at  the  bright  Pt  cathode  according  to 
the  reaccion:C104_  *  8e”  —  Cl”+  40^“  [2],  The  0^”  anions  may  combine  with  the 
Li+  ions  giving  lithium  oxide  (neutral  species).  So,  the  balance  of  the  two 
electrochemical  reactions  [1]  and  (2]  corresponds  to  an  apparent  valence  of  Gd 
lower  than  n«3.  Such  a  hypothesis  seems  to  be  confirmed  by  the  pH  increase  du¬ 
ring  the  anodic  dissolution,  the  non-formation  of  formaldehyde  and  the  constan¬ 
cy  of  the  "corrected"  valence,  Ncorr,  after  taking  into  account  the  equivalent 
charge,  QCj-,  corresponding  to  m^j-.  Indeed,  Ncorr,  is  calculated  using  the 

relation.  Ncorr«  (Q  +  Qci”) -A/Wex.F  =  Ne  +  Nq-  [3], where  Nqj— A  Qcl”/wexF- 
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Influence  of  temperature  in  anhydrous  MeOH  solutions:  Before  each  experiment, 
the  H20  content  in  LiC104  ♦  MeOH  is  determined  (144  ug/ml)  by  Karl  Fischer  cou- 
iometer  (Acquavit-Tacussel) .  After  the  dissolution,  the  analysis  indicates  no 
increase  of  H2O  concentration  (146  ug/ml).  The  fig.  5  shows  the  variation  of  He 
and  Ncorr  versus  i  at  various  temperatures  (-76®C  to  20*0 .  The  very  important 
fact  is  the  constancy  of  Ncorr  values  (Ncorr  -  3.0)  over  a  wide  range  of  cur¬ 
rent  density  at  every  •temperature,  contrary  to  the  exponential  decrease  and 
attaining  a  limiting  value  of  He.  Indeed,  the  plateau  corresponds  to  a  bright 
surface  (transpassive  domain-electropolishing  conditions),  contrary  to  the  Ne 
falling  range  relative  to  a  more  or  less  darkening  of  the  gadolinium  (transpas— 
sive  to  active  region).  The  current  density  of  getting  plateau  decreases  with 
temperature. 

Influence  of  temperature  in  water-methanol  mixtures:  The  faradaic  efficiency 
under  galvanostatic  conditions  is  systematically  investigated  in  (l-y)MeOH  * 
y  H2O  with  UCIO4  (0.23M).  The  significant  result  at  -76*C  (fig.  6)  is  the  si¬ 
milar  constancy  of  Ne  over  a  wide  range  of  H20  content  (0^y^0.42  where  y*0.42 
corresponds  to  the  solution  freezing  limit).  N  decreases  slightly  from  3.0  to 
2.8  with  increase  in  H2O  content.  So,  the  water7  content  has  no  influence  on 
che  faradaic  efficiency  during  anodic  dissolution  at  low  temperature,  which  is 
in  agreement  with  the  previous  potentiostatic  studies  (2).  This  implies  that 
H2O  does  not  play  any  role  in  the  electrodic  processes  and  ionic  mechanisms, 
despite  the  high  increase  of  viscosity  and  dielectric  constant  of  the  medium. 

At  room  temperature,  a  similar  investigation  is  made  with  all  range  of  U2O  mole 
fraction  :  OSy^l.  An  increase  in  the  apparent  valence  Ne-1.43  for  v»0.0l3  to 
Ne«2.8  for  y*l  (pure  water)  is  observed.  Such  a  behavior  is  in  good  agreement 
with  a  potentiostatic  study  carried  out  at  20*C  with  two  different  cell  poten¬ 
tials  20  and  60  V,  which  shows  a  continuous  variation  of  Ne  with  y  from  0  to  1 . 
Such  a  variation  of  faradaic  efficiency  with  H2O  concent  results  from  a  change 
in  the  Gd  dissolution  process.  Indeed,  even  at  20“C,  the  electrode  surface  is 
bright  in  anhydrous  MeOH  because  of  prevailing  of  electropolishing  conditions 
(transpassive  range),  but  it  is  not  the  case  in  presence  of  appreciable  amount 
of  H2O  (y>0.013).  In  this  last  case,  a  considerable  overgrowth  of  yellowish- 
black  anodic  product  on  Gd  surface  occurs  with  increase  of  H2O  content  rende¬ 
ring  the  anode  surface  towards  passive  and  active  regions.  This  is  further 
reflected  by  the  drastic  decrease  of  Cl"  liberated  (o^j-  ■* 0 )  with  H2O  content 
increase. 

Influence  of  pH:During  the  anodic  dissolution  in  LiClO^  +  MeOH  at  any  current 
density,  the  pH  of  the  medium  raises  from  4  to  8.5.  The  influence  of  initial  pH 
on  Ne  is  investigated  by  adding  appropriate  amounts  of  HCIO4  or  LiOH  at  -76®C. 
With  addition  of  HC104(pH-2),  the  behaviors  of  Ne  and  Ncor_  are  the  same  as  in 
pure  C104~  solutions.  On  the  contrary,  che  added  LiOH  (pH-9)  gives  an  important 
rise  of  Ne  and  Ncorr,  particularly  in  the  high  current  density  range  (Ne-*-l7and 
NCOrr'*60).  This  low  faradaic  efficiency  in  basic  solutions  may  be  due  to  Che 
blocking  of  active  sites  of  Gd  surface  by  OH"  ions. 

Conclusions:The  existence  of  a  plateau  for  Ne  (Ne* 1.4- 1.5)  cannot  be  taken  into 
account  by  using  Che  surface  desintegration  model  ("chunk  effect").  The  strong 
difference  in  Ne  values  in  CIO4"  (Ne*l.4-|,5)  and  Cl"  (Ne^3.0)  is  against  the 
existence  of  a  monovalent  transitory  ion.  Observed  results  may  be  explained  by 
simultaneous  electrochemical  reactions  with  a  normal  valence  of  Gd  for  anodic 
dissolution,  i.e.  Ne-n-3.  Such  a  fact  is  in  agreement  with  the  absence  of  lower 
valence  state  for  Gd,  this  lanthanide  with  a  single  oxidation  state. 
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PREPASSIVE  DISSOLUTION  AND  PASSIVATION  OF  Zn  IK  ALKALINE  MEDIA 

J.  Sabater  and  L.  Viccori 
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In  previous  works ( 1 )  ,  we  have  concluded  that  the  mechanism 

of  dissolution  of  Zn  in  alkaline  media  is  diffusionally  controlled  by 
Zn  ( OH ) ,  ion,  on  its  separation  from  the  interface,  and  that  passiva¬ 
tion  occurs  through  a  dissolution-precipitation  mechanism,  these  con¬ 
clusions  agree  with  other  works(2,3),  but  it  seems  to  be  in  clear 
disagreement  as  to  which  is  the  prepassive  dissolution  mechanism.  The 

resume  of  the  works  about  this  subject  can  be  detailled  as;  first  possi- 

-2 

bility,  dossolution  to  Zn(OH),  ion, through  Zn(OH)-  as  intermediate,  or 

4  -2  L 

second  possibility,  dissolution  to  Zn(OH)^  ion  through  ionic  species, 
as  Bockris  proposed,  in  the  form  of  an  active  dissolution  in  the  presen¬ 
ce  of  ZnCOH^  on  the  metal.  This  ZnCOH)^  is  not  an  intermediate,  it 
would  come  as  a  consequence  of  the  precipitation  of  Z  n  ( 0  H )  £  from  the 
dissolution.  Due  to  his  porous  structure  its  presence  on  the  surface 
should  nrt  produce  any  restrictions  in  the  normal  way  of  dissolution. 

Another  important  thing  is  the  large  overvoltage  accompanying  the 
formation  of  ZnO  and  thac  ics  formation  seems  to  be  catalized  by  the 
presence  of  ZnCOH^  on  the  surface  of  the  metal. 

RESULTS  AND  DISCUSSION  _ 


In  a  previous  work  carried  out  by  Powers  et  al.(4),  who  follo¬ 
wed  the  passivation  process  through  a  microscopical  observation  and 
inferred  the  existance  of  two  oxides  in  the  passivation  process.  They 
named  them  as  ZnO  type  I  and  ZnO  type  II,  and  they  observed  too,  that 
when  the  solution  is  stirred, then  the  first  oxide  seems  not  to  appear. 

In  our  work,  working  with  a  solution  in  completely  repose  or 
using  a  disk  electrode  rotating  at  2800  rpm  and  immersed  in  an  ultraso¬ 
nic  bach,  we  have  observed  differences  of  I500mvolts  between  the  passi¬ 
vation  potencials  of  these  two  situations.  It  would  imply  an  overvoltage 
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of  2'000mvolts  for  Che  formation  of  the  ZnO  oxide. 

On  the  other  hand,  when  an  electrode  is  just  passivated  in  resting 
conditions,  and  is  suddenly  subjected  to  ultrasonic  agitation,  the 
metal  becomes  active  again  and  returns  to  its  theoretic  situation  in 
the  I/E  curve. 

The  study  carried  out  by  Modulated  Electroreflectance  Spectros¬ 
copy  seems  to  confirm  that  on  the  surface  of  the  metal  there  is  a  com¬ 
pound  which  can  not  be  zinc  oxide  on  account  of  Che  energy  associated 
to  the  maximum  of  the  elec t ro r e f 1 ec tanc e  band  and  for  the  same  reason 
the  zinc  oxide  does  not  appear  at  potencials  near  the  passivation 
point . 

We. intend  to  take  the  dissolution  and  passivation  processes  of 
Zn  in  alkaline  media  as  the  next  topic;  which  will  involved  the  expla¬ 
nation  of  our  experimental  results. 

PATH  I 

(active  dissolution) 

Zn  +  OH" -  Zn  (OH)  +  e" 

Zn(OH)  +  0H~ -  Zn(OH)" 

Zn (OH) 2  +  OH- —  Zn (OH) ^  +  e" 

Zn  (OH)  ^  +  0H~ —  Zn  (OH) 

PATH  II 

(prepassive  dissolution) 

Zn  +  OH" - Zn(OH)  e" 

Zn(OH)  +  OH"  -  Zn (OH) 2 

Zn (OH) 2+  OH"  -  Zn(OH)"+  e" 

Zn (OH) OH"  -  Zn (OH) 72 

Zn(OH)^2  Zn (OH) 2 ^ s ^ ( on  the  electrode) 
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PATH  III 

(  passivation  ) 

Zn  (OH)  "*■  =»--  Zn(0H)2(sj 

(on  the  electrode) 

Zn  +  OH"  -  Zn (OH) +  +  2e" 

Zn (OH) +  +  OH" -  Zn(0H)2(s) 

PATH  IV 

(oxide  growth) 

Zn  +  OH" -  Zn  (OH)  ++  2e" 

Z  n (OH ) ++  OH"-—  ZnO  +  H£0 
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POLYMER  COATED  SEMICONDUCTOR  AS 
A  CALCIUM  SELECTIVE  ELECTRODE 

M.  SYRJXMX  and  J.  KANKARE 
Department  of  Chemistry »  University  of  Turku 
SF-20500  Turku  50,  Finland 


Coated  wire  electrodes  (CWE's)  refer  to  a  type  of  ion- 
selective  electrode  (ISE)  in  which  an  electroactive  species 
is  incorporated  in  a  thin  polymeric  film  coated  directly  on 
a  metallic  conductor.  Leaching  of  the  sensor  material  has 
precluded  the  use  of  ultrathin  coatings  in  the  ion-selective 
electrodes,  although  it  would  decrease  the  diffusion  and  re¬ 
sponse  time.  By  covalent  binding  leaching  can  be  prevented 
but  selectivity  may  become  a  problem. 

In  the  present  work  we  have  constructed  a  calcium  se¬ 
lective  ultrathin  coated  plate  electrode  (UTCPE)  based  on 
simple  design  principle. 

The  host  polymer  (Figure  1)  is  formed  from  propylene 
oxide  and  allyl  glycidyl  ether  via  coordination  polymerization 
catalyst,  an  organotin  alkyl  phosphate  condensate  catalyst  . 
The  sensor  material  is  a  suitable  calcium  salt  such  as  calci¬ 
um  bis (diallylphosphate)  (Figure  2)  which  is  grafted  to  the 
host  polymer  via  reactive  allyl  groups  by  controlled  thermo¬ 
polymerization. 

*  ■ 

CRf»CHCH2OCH2 

I 

-OCHjCHOCHCHjj-  [{CH  «CHCH20)2P02]2Ca 

CH3 

Jn 


Figure  1.  Figure  2. 

One  of  the  main  advantages  of  the  electrode  production 
is  the  ease  of  fabrication.  Because  of  the  non-leachable  char¬ 
acter  of  the  sensor  it  is  possible  to  spincoat  or  electrospray 
100  -  300  nm  thin  membrane  coatings  on  a  semiconducting  sub¬ 
strate  (In203  -  Sn02  coated  glass  plate) .  After  the  coating 
procedure  the  electrode  is  baked  at  100  -  150  °C  in  oxygen  at¬ 
mosphere  to  cross-link  the  sensor  compound  into  the  host  poly¬ 
mer  backbone.  The  presence  of  calcium  in  the  grafting  step  in¬ 
creases  the  selectivity  presumably  by  the  template  effect. 

In  order  to  get  the  best  physical  and  electrochemical 
properties  the  extent  of  cross-linking  of  the  membrane  is  con¬ 
trolled  primarily  by  the  amount  of  propylene  oxide  and  allyl 
glycidyl  ether  present  in  the  host  polymer  and  by  the  curing 
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time  and  temperature. 

The  electrodes  produced  this  simple  technique  have  the 
linear  response  in  the  range  10  1  -  10“5  M  with  a  slope  of  27  mV 
per  decade  (Figure  3) . 

Because  of  the  thinness  of  the  membrane  the  response  times 
are  generally  very  short,  with  dynamic  times  being  in  the  region 
of  1  s  for  the  range  10”^-  -  10”^  M  Ca 2  .  When  the  extent  of  cross- 
linking  is  too  high  the  response  times  become  much  longer. 

The  lifetime  of  this  type  of  electrode  is  longer  than  the 
lifetime  of  polymer  entrapped  liquid  ion  exchanger  electrodes. 

Well  cross-linked  membranes  lasted  more  than  2  months. 

Selectivity  studies  were  performed  by  mixed  solutions 
method.  The  potentiometric  selectivity  coefficients  towards 
monovalent  cations  were  reasonable  good.  The  response  curves 
are  presented  in  Figure  3,  when  the  interferent  level  is  main¬ 
tained  at  lCT-1  M. 


i 


i  ; 


p  Ca 


Figure  3.  Calibration  graph  for 

a  calcium-UTCPE  ( - J .  The 

interferent  effect  of  Na*  ( - 

- )  and  Li  ( - )  solutions 

(0.1  M)  are  also  shown. 
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INTRODUCTION 

Ethylene  glycol  (EG)-water  mixtures  are  interesting  because  both  sol¬ 
vents  are  highly  structured  and,  therefore,  important  changes  in  the  solvent 
structure  can  be  expected  when  they  are  mixed. 

In  this  paper,  we  have  studied  the  polarographic  reduction  of  Cd(II) 
ion  in  aqueous  and  aqueous  EG  solutions  containing  different  concentrations 
of  LiClO^  as  background  electrolyte.  From  the  polarographic  data,  the  stan¬ 
dard  free  energy  of  transfer  and  the  Walden  product  for  Cd(II)  ion  in  these 
media  have  been  determined  and  further  discussed  in  terms  of  ionic  solvation 
and  solvent  structure. 

EXPERIMENTAL 

Ethylene  glycol  and  Lithium  perchlorate  were  Fluka,  A.R.  grade.  Cadmium 
sulphate  and  Ferrocene  were  Merck,  A.R.  grade.  All  solutions  were  prepared 
by  weight  with  water  obtained  using  a  Millipore  Milli  Q  system. 

The  polarographic  measurements  were  made  with  an  Amel  471  multipolaro- 
graph.  The  cyclic  voltammetric  measurements  were  carried  out  with  conventio¬ 
nal  instrumentation  consisting  of  an  Amel  551  poter.tiostat ,  a  P.A.R.  175 
universal  programmer  and  a  Philips  8043  X-Y  recorder.  A  saturated  calomel 
electrode  (3CE),  with  aqueous  solution  of  NaCl,  was  used  as  reference  elec¬ 
trode  and  a  Pt  wire  as  counter-electrode. 

_4 

Solutions  of  Cd(II)  (5.0  .10  M)  in  water  and  EG-water  mixtures  tjf 
EG  mole  fraction  betwee^j  0.10  and  0.70,  containing  concentrations  2.5  .10*  , 
5.0  .10  and  1.00  .10  M  of  LiClO^  as  background  electrolyte,  were  studied. 

RESULTS  AND  DISCUSSION 

The  Cd(II)  ion  displayed  a  single  well  defined  polarographic  reduction 
wave  in  all  the  studied  solutions.  The  wave  is  diffusion  controlled 
because  the  plots  of  log  of  the  limiting  current,  1^,  vs.  log  of  t  were 
always  linears  with  slopes  close  to  0.17.  In  each  solution  the  half-wave 
potential,  Zy,  was  found  to  be  independent  of  the  drop  time.  Moreover,  good 
linear  correlations  between  E  (applied  potential)  and  log  of  ( ( 1^  -  I)/I), 
with  slopes  of  about  30  mV  per  decade,  were  always  obtained.  These  results 
indicate  that^in  all  solutions  Cd(II)  ion  reduction  is  a  two-electron  rever¬ 
sible  process1. 

The  half-wave  potential  shifts  to  more  positive  values  when  either  the 
E0  mole  fraction  or  the  LiClO.  concentration  increases.  The  value  of  the 
diffusion-current  constant,  1^,  gradually  decreases  as  the  EG  content  in 
•he  solvent  increases. 
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Cyclic  voltammetric  curves  of  saturated  solutions  of  ferrocene  in  the 
EG-water  media  were  also  recorded,  showing  a  redox  couple  corresponding 
to  the  ferricinium  ion/ ferrocene  system  (Fic*/Foc),  wcith  a  difference  bet¬ 
ween  the  anodic  and  cathodic  peak  potentials,  jE  -  E^,  of  about  60  mV,  as 
expected  for  a  one-electron  reversible  process  . 


Then,  the  variation  of  E ,,  for  this  system  is  ascribed  to  the  change 
in  the  liquid  junction  poteirtial  and  the  half-wave  potentials  of  Cd(II) 
ion  were  expressed  with  respect  to  the  half-wave  potentials  of  ferrocene, 
£  _  .  The  difference  V*  e°  between  the  standard  potentials  of  the 

ca(l?<T/Cd(Hg)  system  in  mixed  solvent,  x,  and  water  solution,  ig,  3both  with 
equal  concentration  of  LiClO^,  was  calculated  using  the  equation  ’  : 


W4X  e° 


V 


e1/2,  Poc 


In 


<*ox>x 


where  J  OK  and  D  are  the  activity  and  diffusion  coefficients  of  Cd(II) 
ion  in  each  soluS^on,  respectively.  Activity  coefficients  were  estimated 
acoording  to  Arevalo  et  al  . 

The  t°  values  thus  obtained  were  independent  of  the  LiClO^  concen¬ 
tration  in  the  solvent  and  this  allows  the  standard  free  energies  of  trans¬ 
fer  of  one  -iole  of  Cd(II)  ions  from  water  to  mixed  solvents,  AG®,  to  be 
calculated  according  to  the  following  expression: 


AG®  »2F  WAX  E® 

The  results  obtained  are  given  in  table  I 


TABLE  I.  Values  of  AG®  and  AG®  „  for  Cd(II) 
t  t,cn 

ion  in  3G-water  mixtures,  at  2S.0°C. 


AG®  /W .mol-1 

AG®  /kJ.mol-1 
ttcn 

o.oc 

0 

0 

0.10 

-1.73 

-  5.98 

0.20 

-5.02 

-12.16 

0.30 

-7.53 

-17.33 

0.40 

-10.04 

-24.05 

0.50 

-12.93 

-30.35 

0.60 

-15.25 

-35.90 

0.70 

-18.34 

-42.06 

ion-solvent  interactions. 


The  AG®  values  are  negative 

in  all  the  range  of  solvent 

compositions  studied,  increasing 
with  EG  content  in  the  solvent. 
This  fact  indicates  that  the 
transfer  of  Cd(II)  ion  from 
water  to  mixed  solvents  i3  ther¬ 
modynamically  favoured  and, 
also,  that  the  process  becomes 
more  spontaneous  with  adding 
EG  to  the  mixed  solvent. 

The  AG®  can  be  splitted 

into  two  contributions:  i) 

an  electrostatic  one,  AG® 
which  arises  from  the  cn&nge 
in  the  dielectric  constant  of 

the  solvent,  and  ii)  a  chemical 
one,  AG®  .,  which  depends  on 
the  solvation  and  other  specific 


The  AG®  values  calculated  by  means  of  the  Born  equation  are  listed 
in  Table  I.' These  values  are  more  negative  as  long  as  the  EG  content  in 
the  solvent  increases  (see  Fig.  1).  This  can  be  explained  by  taking  into 
account  the  existence  of  specific  acid-base  interactions  between  Cd(II) 
ion  and  solvent  molecules.  Thus,  the  mixtures  are  more  basic  than  water, 
increasing  its  basicity  with  adding  EG  to  the  solvent  and  hence,  producing 
stronger  ion-solvent  interactions. 


On  the  other  hand,  the  decrease  in  D  when  the  EG  content  in  the  sol¬ 
vent  increases  is  mainly  due  to  the  increase  in  viscosity  of  the  solution. 

The  Valden  product,  ,  for  Cd (II)  ion  changed  with  solvent  composi- 
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F*g- ■  l  :  Dependence  of 
the  AGI  w  For  Cd(II) 


Temperature  25.0°C. 


tion,  although  remained  practically  constant  with  LiClO^  concentration  (see 
fig.  2).  This  parameter  reaches  a  maximum  value  approximately  at  xp(,  *  0.2, 
indicating  that  in  the  water-rich  region,  the  Cd(II)  ion  becomes  more  struc¬ 
ture-breaking.  At  x  >0.2  addition  of  SO  to  mixed  solvent  causes  a  decrease 
in  solvent  structure  and  hence,  a  loss  in  mobility  of  the  Cd(II)  ion,  as 
well  as  an  increase  in  the  solvated  radius  of  this  ion  due  to  the  substitu¬ 
tion  of  the  more  voluminous  EG  molecules  by  water  ones. 


Fig,  2:  Variation  of 
the  Walden  product  for 
Cd(II)  ion  with  EG  mole 
fraction  at  a  0.100 
M  LiC104  concentration. 
Temperature  25.0°C. 
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INTRODUCTION 

The  study  of  the  structure  and  properties  of  solutions  of  electrolytes  by 
using  mixed  aqueous-organic  solvents  is  a  common  practice  in  electrochemical 
laboratories,  since  the  physical  properties  of  the  system,  in  these  mixed  me¬ 
dia,  can  readily  be  manipulated  according  to  the  requirements  of  each  particu¬ 
lar  case. 

Our  laboratory  has  been  engaged  on  this  work  for  the  past  few  years,  pre¬ 
senting  transference  number  values  for  the  ions  of  KCll  and  of  NaCl^  in  some 
ethanol-water  mixtures,  analyzing  the  influence  on  this  parameter  of  the  etha¬ 
nol  content  of  the  medium.  However,  only  the  analysis  of  mixtures  with  a  low 
ethanol  content  (up  to  30  wt%  of  ethanol)  was  reported  in  those  papers,  on  ac¬ 
count  of  the  very  remarkable  variations  that  took  place  in  such  zones  of  com¬ 
position.  The  convenience  of  extending  these  studies  to  the  regions  in  which 
the  mixture  becomes  richer  in  ethanol  seems  evident,  in  order  to  obtain  data 
along  the  entire  composition  range  of  the  said  mixtures. 

The  determination  of  the  transference  number,  T*,  in  ethanol-rich  media, 
presents  great  experimental  difficulties  due  to  the'great  increase  in  resis¬ 
tance  of  the  solutions  employed  and  to  the  decrease  in  solubility  of  some  of 
the  electrolytes.  The  paucity  of  conductance  data  for  the  following  electro¬ 
lytes  employed,  in  those  ethanol-water  mixtures,  presents  a  further  problem 
and  implies  resorting  to  arduous  procedures  in  the  search  for  an  appropriate 
concentration  of  the  following  electrolyte  which  will  allow  the  formation  of 
a  stable  moving  boundary  that  moves  at  a  constant  rate. 

In  this  paper,  data  are  presented  for  the  Na*  and  Cl~  ions  at  several 
concentrations  of  NaCl  in  ethanol-water  mixtures  with  AO  and  60  wt%  of  ethanol 
The  results  obtained  at  the  different  concentrations  of  NaCl  have  been  extra¬ 
polated  to  zero  concentration  by  using  theoretical  equations.  Such  extrapola¬ 
ted  values  are  analyzed  as  a  function  of  the  ethanol  content  of  the  medium, 
together  with  the  data  previously  obtained^. 

EXPERIMENTAL  RESULTS  AND  DISCUSSION 

The  experimental  method  used  to  determine  this  ionic  parameter  is  the  di¬ 
rect  moving-boundary  technique,  already  described  in  previous  communications 
by  this  laboratory.  Both  falling  and  rising  sheared  moving-boundary  cells 
were  used,  although  the  main  block  of  results  here  presented  was  obtained  by 
using  a  faliing-type  cell,  the  accuracy  of  which  proved  to  be  much  greater  in 
this  case  than  that  of  the  other  type. 

The  following  electrolytes  used  were:  NalC^  (rising)  and  NaOOCCgH^  (fall¬ 
ing)  for  the  anion  runs  and  CdCl,  (rising)  and  (C4Hg)4NI  (falling)  for  the 
cation  runs.  The  salts  were  purified  by  the  usual  methods  in  all  cases.  The 
electrodes  used  m  all  the  experiments  were  of  Ag  (anode)  and  AgCl  (cathode), 
keeping  closed,  to  serve  as  reference  of  the  movement,  the  electrode  compart- 
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ment  which  contained  the  NaCl  leading  solution.  The  volume  increase  occured  in 
the  said  reference  compartment  on  passing  a  current  of  1  Faraday  through  the 
cell,  employed  to  calculate  the  volume  correction,  was  given  by: 

AV+  =  t  ( V ( Ag )  -  V(AgCl)  +  T+(NaCl)*  (NaCl)j 

The  corrected  transference  number  values,  after  volume  and  solvent  correc¬ 
tions  applied,  T  ,  are  collected  in  Table  I.  Because  the  sum  of  both  cation 
K  cor 


Table  I. 

Transference  numbers  for  NaCl 

in  ethanol- 

-water  mixtures  at 

25°  C 

40  wt% 

60  wt% 

C(NaCl) 

(eq-dm-3) 

(T  ) 

♦  cor 

’  (T  ) 

-  cor 

(T  h 

♦  0 

C(NaCl) 

(eq-dm-3) 

(T  ) 

+  cor 

(T  ) 

-  cor 

(T  ). 

+  D 

0.02000 

0.4284 

0.5691 

0.4294 

0.01998 

0.4316 

0.5695 

0.4311 

0.02998 

0 . 4280 

0.5713 

0.4283 

0.03000 

0.4310 

0.5698 

0.4306 

0.04002 

0.4271 

0.5724 

0.4274 

0.03500 

0.4304 

0.5695 

0.4305 

0.03999 

0.4305 

0.5700 

0.4303 

and  anion  transference  numbers  at  each  concentration  of  the  leading  solution 
must  be  equal  one  and  accepting  that  the  discrepancy  observed  with  respect  to 
this  unit  value  is  due  to  little  errors  that  affect  in  the  same  manner  to  both 
cation  and  anion  transference  numbers,  "best"  values  of  these  parameters  can 
be  obtained  by  dividing  each  corrected  value  by  the  sum  of  both  cation  and  an¬ 
ion  corrected  ones  at  each  concentration  of  NaCl.  Such  "best"  values  are  also 
presented  in  Table  I,  but  only  for  the  cation. 

The  extrapolation  of  the  Tbegt  values  to  zero  concentration  was  made  by 
using  different  theoretical  equations1,  being  the  1957  Fuoss-Onsager  one3 
which  leads  to  the  most  adequate  results.  These  results  are: 

T°  =  0.4346  with  a  =  2.5  8  (for  40  wt%) 

4- 

and  T®  =  0.4362  with  a  =  6.3  X  (for  60  wt%) 

where  "a"  is  the  distance  of  the  closest  approach  cation-anion  obtained  from 
the  use  of  those  equations. 

The  values  for  T°  thus  obtain¬ 
ed  are  plotted  against  the  ethanol 
content  of  the  mixture  in  Figure  1, 
together  with  the  ones  found  in 
others  mixtures  with  low  ethanol 
content^,  previously  studied. 

The  fast  initial  increase  of 
the  parameter  T°  with  the  first 
additions  of  ethanol  to  the  medium, 
suggests  us  the  possibility  of  some 
dehydration  of  the  cation  as  a  con¬ 
sequence  of  a  competition  between 
the  ethanol  and  water  molecules  to 
penetrate  into  the  solvation  sphere 
of  the  ion.  The  result  of  such  de¬ 
hydration  would  be  a  reduction  of 
the  efective  size  of  the  ion  which 
could  easier  move  through  the  sol¬ 
vent. 
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When  the  ethanol  content  in  the  medium  increases,  the  entrance  of  molecules 
of  this  solvent  in  the  solvation  sphere  of  the  ions  should  be  favoured  and  the 
size  of  these  ions  will  increase.  This  effect  of  size  combined  to  the  increase 
in  the  viscosity  of  the  solvent,  have  to  be  the  causers  of  the  brake  in  that 
initial  increment  of  T®. 
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ON  THE  STRUCTURE  OP  AQUEOUS  AND  HYDROCHLORIC  SOLUTIONS 
OP  MnCl0.  THE  EPPECT  OP  CHANGES  IN  THE  COMPOSITION  ON  THE 
c  STRUCTURE 

E.BERECZ  and  T.TGrSK 
Dept. of  General  and  Physical  Chemistry 
Technical  University  for  Heavy  Industry, Miskolc  /Hungary/ 


The  effect  of  changes  in  the  composition  on  the  structure 
of  the  solutions  of  MnCl2-HpO  and  MnClp-HCl-H^O  are  often  dis¬ 
cussed  in  terms  of  stepwlse^equilibria^of  complex  formation 
and  hydration  phenomena  of  the  possible  species  in  the  given 
system.As  the  concentration  of  MnClp  and  HC1  are  increased  in 
the  solution  more  and  more  Mn-Cl  complexes  of  different  types 
are  forme In  the  highly  concentrated  MnClg-HCl-HgO  soluti¬ 
ons,  besides  the  weak  complexes  of  Mn/HgO/g^Cl^"'11  » 

which  are  predominant  in  the  aqueous  manganese  chloride  soluti- 

on.the  anionic  octahedral  complexes  type  MnCl7/Ho0/“;  and 
2—  4—  £  5 

MnCl^/H20/2  ,  as  well  as  MnClg  ,  and  at  very  high  concentration 
also  the  tetrahedral  complexes  MnCl^/HgO/^^  /n=l,2,3,4/  are 
supposed  to  exist1. 

We  measured  the  density  and  conductance  of  the  above  ays-* 
tem  at  25  °C.  Though, generally, the  volumetric  properties  and 
the  conductance  are  not  considered  to  be  the  most  sensitive 
properties, we  expected  to  observe  some  marked  structural  changes 
in  the  function  of  concentration,  when  a  very  wide  concentration 
range  of  HC1  at  also  a  considerably  high  concentration  of  MnCl? 
/Fig.l/  are  to  be  studied.  d 


6 

.  4 
2 


0  2  4  6  8  to  12  Ik  J6  mm 


The  concentration  dependence  of  the  conductivities  are 
shown  in  Fig. 2.  The  additivity  rule*  holds  as  good  as  in 
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aorae  other  MC1X-HC1-H20  /x=l,2/  type  systems  of  alkali  and 

alkaline-earth  metal  chlorides  and  LaCl^  in  hydrochloric  acid, 
investigated  earlier  also  in  our  laboratory  /see  1C/ add/  in 
Fig. 2/. 

The  partial  molal  volumes  of  HC1  and  that  of  MnClp  were 
calculated  /Fig.3/, where  the  recent  density  data  of  Rard  and 

Miller^  for  the  aqueous  solutions  of  MnCl2  were  also  used. The 
small  changes  in  the  curvature  on  the  plot  of  Vj^nCl  at  about 

m=2  and  m=4  can  be  attributed  to  the  higher  degree  £f  associ¬ 
ation  of  Mn2+  and  Cl“  ions  in  the  solution  and  probably  to  the 
formation  of  complexes  MnCl/HgO/JT  and  MnCl2/H20/^  in  these  con¬ 


centrated  solutions. 

In  the  series  of  ternary  solutions  at  constant  MnCl2  mo¬ 
lality  =1.848/  even  a  striking  colour  change  was  obser¬ 

ved  with  incriasing  concentration  of  HC1  from  pink  to  brownish 
yellow, starting  at  around  m„ci=  8, which  has  also  been  accepted 
as  evidence  for  the  fomatiffn-of  chloro-complexes  of  raangane-- 


se/II/.The  curvature  of  V 


HC1 


V£. 


m^^  at  constant  MnCl2  mola¬ 


lity  also  shows  some  change  at  around  m^c^=7  and  Probably  also 


at  around  mpC1=13.  At  this  very  high  HC1  concentration  the  for¬ 
mation  of  tetrahedral  anionic  complexes  is  quite  plausible. 

Although  the  curve  22*  mMnQ]s  does  not  show  anoma¬ 

lous  curvature  /i,e.  there  arl  no  break  joints/  with  increasing 
concentrations  of  MnC 12  up  to  saturation, nevertheless, the  sha¬ 
pe  cf  the  curve  may  be  interpreted  by  the  shifting  of  the  step¬ 
wise  equilibria  of  the  complexation  to  the  direction  of  forma¬ 
tion  of  tetrahedral  complexes  containing  more  and  more  chlori¬ 
des  in  the  first  coordination  shells  of  manganese/II/  ions. 


^Gtnelin.  Handbuch  der  anorganischen  Chemie,Mangan,Teil  C5. 
Verlag  Chemie,Weinheim, 1978.  pp. 60-63, 75-76  and  see  the  re- 
ferenciea  therein. 

^K^blanovskv.  V.S.  :  Zhurn.Ijeorg.Khim.  22  735-8  /1977/ 
3Libus,Z.:Polish  J.Chem.£2  1971-83  /1979/ 

^Balarew, Chr. ,Spassow, D. ,Simeonova,B. : Zschr.anorg.allg. Chem. 
/5 1  161-8  /1979/ 

^Berecz, E. : Acta  Chim. Hung. 87/4/  371-83  /1975/ 
cRard,J. A. , Miller, D.G. : J.Chem.Eng. Data  £%  151-5  /1984/ 


Electrical  conductivities  of  binary  (-  - )  and 

ternary  (— — )  MnCl2-HCl-H20  solutions  investigated 
at  25  C« 
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ELECTRODE -POTENTIAL  /  TEMPERATURE  EQUILIBRIUM  DIAGRAMS  AND  SOME  OF  THEIR 

APPLICATIONS* 


by 

Marcel  POURBAIX 

Belgian  Center  for  Corrosion  Study  CEBELCOR,  Brussels 

(Belgium) 


Equilibrium  diagrams  of  the  types  E  “  f(T)  and  log  p  •  f(l/T)  will 

be  presented  for  the  17  following  systems  : 

Oxy da t ion  Equilibria  :  0 

-  Q_Al 

0-C 

O-Fe 

O-H 

O-S 

0-Si 

O-Zn 

O-C-Fe 

O-C-Si 

O-C-Zn 

O-H-Fe 

0-S-A1 

O-S-Fe 

Sulphidation  Equilibria  :  S 

''  '  ~  S-Al 

S-Fe 

Applications  of  these  diagrams  are  given  concerning  the  following  pheno¬ 
mena  : 

-  the  thermal  dissociation  of  gaseous  O^,  COj,  H^O,  SO^  and  SOj* 

-  the  thermal  decomposition  of  molten  A^2^3  and  FeO,  and  of  solid  ZnO , 

-  the  thermal  production  of  metallic  zinc  and  silicon  by  carbore duct ion  of 
their  oxide, 

-  the  corrosion  and  protection  of  iron  in  high-temperature  water, 

-  the  surface  treatment  of  annealed  carbon  steel  before  phosphatization, 

-  the  production  of  iron  carbonyl,  and  the  production  of  pure  iron  by 
thermal  decomposition  of  iron  carbonyl, 

-  the  catalytic  oxidation  of  SOj  to  SO., 

-  the  high  temperature  corrosion  of  metals  in  atmospheres  containing 
oxygen-and  sulphur  derivates, 

-  the  formation  of  iron  sulphides  tenorite  and  pyrrhotite  in  meteorites 
and  in  the  earth  crust. 
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POLAROGRAPHIC  STUDY  OF  THE  COORDINATED  SYSTEM  Cd  ( 1 1 ) -LEUCINATE . 

G.  RUIZ  CA8RERA.C. QUINTANA  PERERA.J.C.  RODRIGUEZ  PLACERES,  A. 
AREVALO. 

Department  of  Physical  Chemistry, University  of  La  Laguna, Tene¬ 
rife, Canary  I slands , Spain . 


The  importance  of  knowledge  of  the  systems  with  simples 
molecules1-6  in  the  study  of  complex  biological  macromolecules 
has  prompted  us  to  undertake  a  series  of  works  on  metallic  ion- 
-aminoacid  coordination7-9. 

The  po 1  a roqraph ic  analysis  of  the  coordinated  system  Cd(II) 
Leucinate  in  aqueous  medium  is  reported  here. To  the  best  of  our 
knowledge ,  th  is  system  has  only  been  stuu.  ■'fn 

casion10,  by  the  potentiometric  method, the  me  „ues  obtained 

under  the  two  conditions  assayed  being:  8.,  •  IxlO4  and  82  “  2.9 
xl07,and  no  trace  being  detected  of  the  presence  in  the  medium 
of  complexes  with  a  greater  number  of  ligands. 

EXPERIMENTAL 

Each  of  the  i-E  curves  was  plotted  with  a  Metrohm  E506  po- 
larograph  with  an  E505  polarographic  starhl^Pt  (EA285)  and  Ag/ 
AgCl/NaCl  sat.  Metrohm  EA427  electrodes  were\*sed  as  counter 
and  reference  e lect rodes  ,  respect ive ly ,  and  the  w^f^king  one  was 
a  D.M.E.The  temperature  in  the  cell  was  25+  0.05°Cl^Ionic  stren- 
ght  was  adjusted  to  u  =  1.0  with  NaCIO,;.  Measurements^^  pH 
were  carried  out  with  a  pHM84  digital  potentiometer  with  sk 
G<2401C  Radiometer  combined  e 1 ec t rode . The  concentration  of  m^%^ 
tai  ion  was  maintained  constant  at  2x10-6M  in  all  recordings. 
Drop-time  was  controlled  at  3.0  s. 

The  sodium  perchlorate  and  cadmium  sulfate  were  Merck  pro¬ 
ducts  of  p.a.  quality, the  L-leucine  was  from  Sigma  and  the  so¬ 
dium  Hidroxide  used  for  adjusting  the  pH  was  also  of  p.a.  qua¬ 
lity  from  May  and  Baker. The  values  of  p<  have  been  taken  from 
D.O.  Perrin11  and  are:  pK1  =  2.37  and  p«2  =  9.62. 

RESULTS 

Leucine  in  aqueous  solution  will  give  place  to  an  equili¬ 
brium  between  its  protonated  f orms , neu t ral  and  leucinate  ion, 
governed  by  the  acidity  constants.  At  a  sufficiently  high  pH, 
the  complexes  with  leucinate  will  predominate , since  its  concen¬ 
tration  will  be  significative  and  the  corresponding  stability 
constants  are  much  higher  than  those  of  the  possible  species 
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coordinated  with  the  neutral  leucine. 

The  two  studies  were  carried  out  varying  the  pH  of  an  ini¬ 
tial  solution , and , therefore  the  concentrations  of  the  different 
forms  of  leucine , between  the  limits  l0.34xld®M  and  10.21x10®**. 

From  the  plots  of  log  £(  i^-i )  /  i  J  vs  E  the  reduction  was 
shown  to  have  taken  place  through  a  reversible  bielectronic  pro¬ 
cess. The  halfwave  potentials  were  also  obtained  from  these  plots. 

The  analysis  of  equilibrium  was  carried  out  following  the 
method  of  De  Ford  and  H^me1®, accepting  as  the  value  of  ^  that 
proposed  by  Data  et  al.  .The  good  linear  dependence  found  for 
vs  CLeucinate]» f *9 •  1 » points  to  the  existence  in  the  medium 
of  complexes  with  two  and  three  leucinate  ligands.  This  is  the 
first  experimental  evidence  of  the  formation  of  the  species 

[CdLi~  • 


The  values  for 
square  minima  method 


the  stability  constants 
and  are  given  in  Table 


were  obtained  by 
1  : 
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TABLE  1 


Studies 

Si 

e2 

1 

3. 5x107 

7.9x1010 

2 

2 . 6x107 

8. 5x1010 

Their  acceptable  general  concordance  allows  us  to  propose 
the  followings  constants  of  the  coordinated  species  and 
£cdL3^  '•  =  3x107;83  =  8.2x1010.  The  value  of  82  is  in  pei — 
feu  agreement  with  that  reported  in  the  literature:  &2  =  2.9x 
107  (see  reference  10). 


1 

2 

3 

4 

5 

6 
7 

3 

9 

10 

1  1 
12 
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POLAROGRAPHIC  STUDY  OF  THE  COORDINATED  SYSTEM  Cd( II) -OXALATE-NITRATE, 

G,  RUIZ  CABRERA,  G.  PASTOR,  J,C.  RODRIGUEZ  PLACERES  and  A,  AREVALO. 
Department  of  Physical  Chemistry,  University  of  La  Laguna,  Teneriffe, 
Canary  Islands,  Spain. 


1  * 

We  have  shown  recently  that  the  constants  of  metal-ligand  coor¬ 
dinated  complexes,  obtained  when  weakly  coaplexing  electrolytes  are 
used  to  adjust  the  ionic  strength,  are  not  in  fact  true  stability  cogs 
tants  and  really  correspond  to  an  arrangement  of  formation  constants 
of  simple  and  mixed  species  existing  in  the  medium. 

In  this  work  we  recort  the  analysis  of  the  coordinated  system 
Cd(II)-ox?.late-ni  trote  in  aqueous  medium  and  ionic  strength  1.0.  The 
simple  Cd(II)-oxalate  equilibria  have  been  sufficiently  studied  but 
the  ionic  strength  generally  being  adjusted  with  nitrates  in  6uch 
studies,  invalidating  the  results  obtained. 

'.','ith  resoect  to  the  nixed  complexes,  we  have  been  unable  to  find 

any  reference  to  then  study  and  have  therefore  applied  a  method  deve- 

2 

looed  by  us  ,  which  will  provide  new  prospects  in  this  area  of  rese¬ 
arch. 

RESULTS  AND  DISCUSSION 


System  Cd( II) -oxalate- perchlorate. 

Two  studies  were  carried  out. 

Fig.  1  show  the  application  of  the  De  Ford  and  Hume  method"^  to 
this  coordinated  system. 
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It  can  be  observed  that  the  dependence  of  F 2  vs.  [ox}  is  a 
straight  line,  indicating  the  stabilization  of  the  complexes  £cd(ox)|  , 


[  Cd(ox)2J  2“ 

F1=Ao+Ao 

TABLE  1 

and  £cd(ox)^ 

°*]y^3o  Co:0  2 

j  4“  .  The  fitting 
led  to  the  values 

of  the  function: 

presented  in  Table  1. 

Study 

10 

-v- 

1 

0 

"s 

v\ 

1 

O 

. 

O 

K'V 

I 

452 

2.21 

1.80 

II 

466 

2.00 

1.85 

The  good  general  agreement  allows  the  following  to  be  proposed  as 
the  best  data  among  the  formation  constants: 

yS  10=  ; y^2o  *  and  fi  30  -  i«82»io5 

System  Cd(II)-oxalate-nitrate. 

The  system  Cd(II)-nitrate  was  studied  previously  under  experimen- 

L 

tal  conditions  identical  with  those  used  in  this  work  ,  the  presence 
of  the  complexes  ^Cd(N0^)J+  and  Cd(JfO^>2^  being  determined  in 
the  medium,  with  stability  constants:y30j  =  0.58  and y3Q2  -  0.21 

Similarly,  a  mean  value  of  1.64  was  obtained  for  the  FQ  function 
corresponding  to  the  1.0M  concentration  of  nitrate,  in  good  agreement 
with  that  of  1.59  determined  from  the  above-mentioned  formation  cons- 
t  an  t  s  . 

The  stabilization  of  three  complexes  with  the  oxalate  ion  and  two 
with  nitrate  allows  us  to  propose  the  following  expression  for  the 
function  RQ,  defined  by  Rodriguez  Placeres  et  al* . 


R0  =  /  -h  +fi"  ±m  m + 

/  ft/\i  i,  M/iy.  ' 


The  function  clotted  in  Fig.  2  ratify  the  bcpondonce  foreseen 
in  equation  (1): 

Rq  =  1  ♦  B  [ox  ]  ♦  C  [ox]2  +  D  [ox  J  ' 


The  fit  made  following  the  least-squeres  method  gave  the  coeeffi- 
cient  values:  E  _  372  ;  C  =  1.29*104  and  D  =  1.1*105 
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-rlor  to  the  correct  use  of  the  above  values  for  the  determination  -  on 

the  basis  of  expression  (1)  -  of  the  constants  of  the  mixed  complexes. 

5 

This  calculation  will  be  based  as  usual  on  the  Watters  equations  • 
given:y3  , ,  =  133  ; y3,2  =  3.2  andy321  =  2120  allowing  us  to  fore¬ 
sts  the  impossibility  of  determining  the  values  of ft 21*  COB" 
siderir.g  the  negligible  value  of  the  former  as  componed  to  Jb  la 
the  definition  of  the  3  coefficient  and  of  both  with  regard  to  Jb ^ 
and  y3  tq  in  C  and  D. 

The  stability  constant  of  the  complex  £cd(ox) (NO^) J  ”  can  be  cal¬ 
culated  from  the  value  of  B.  A  value  o -  151  is  obtained  in  per 
feet  agreement  with  that  determined  by  means  of  the  7/atters  equations. 

The  goodness  of  our  data  can  be  verified  by  comparing  the  experi¬ 
mentally  obtained  values  of  C  and  D  with  those  deduced  theoretically 

from  the  mathematical  expressions  of  C  and  D.  Substitutions  in  these 

U  5 

expressions  give:  B  =  1.30*10  ;  C  *  1.14*10  in  total  accordance 

with  the  experimental  values:  B  =  1.29*10^  ;  C  r  1.1*10^  . 
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INTRODUCTION 

Concentrated  potassium  hydroxide-potassium  zincate  electrolyte  has 
been  the  favored  electrolyte  for  secondary  zinc/alr  and  zine/niokel 
oxide  batteries.  Despite  the  large  amount  of  research  done  on  recharge¬ 
able  zinc  cells  over  the  past  two  decades,  the  electrolyte  activity  and 
osmotic  coefficients  have  not  been  published.  Several  authors  (1,2) 
have  published  activity  coefficients  calculated  from  zinc  potential 
measurements.  However,  these  calculations  assume  that  the  zincate  ion 
does  not  specifically  affect  the  hydroxide  activity.  The  purpose  of 
this  work  is  to  calculate  the  activity  coefficients  without  relying  on 
this  assumption.  There  are  three  components,  so  two  independent 
activity  measurements  must  be  made.  The  Zn/HgO  cell  potential  is  one 
activity  measurement,  and  the  alpha-Pd/HgO  cell  potential  is  being 
Investigated  as  the  other  measurement.  Macdonald  (3)  has  demonstrated 
that  H_(Pt)/HgO  cell  potentials  may  also  be  used.  The  activity  and 
osmotic  coefficients  are  calculated  from  the  potentials  by  numerically 
integrating  the  Gibbs-Duhem  equation. 

EXPERIMENTAL 

Zinc  potential  measurements  are  performed  in  an  H-shaped  cell  con¬ 
structed  from  3/8"  Teflon  tubing  and  tubing  fittings.  The  Hg/HgO  elec¬ 
trode  occupies  one  side  of  the  cell,  and  the  zinc  electrode  occupies  the 
other  side.  A  Teflon  plug  physically  separates  the  two  half  cells,  but 
allows  electrical  contact  to  be  maintained.  Orifices  drilled  Into  the 
tubing  fittings  serve  as  openings  for  the  Zn  and  HgO  electrode  connec¬ 
tions,  a  thermocouple,  and  nitrogen-purge  and  vent  lines.  The  zinc 
electrode  is  a  ’ .0-mm-dlameter  zinc  wire  that  is  3heathed  with  heat- 
shrinkable  Teflon  tubing,  except  for  the  end  which  is  Immersed  in  the 
electrolyte.  Purge  nitrogen  la  presaturated  by  bubbling  it  through  a 
saturated  salt  solution  of  approximately  the  same  water  activity  as  the 
electrolyte.  Electrolyte  Is  injected  into  the  cell  with  a  syringe.  The 
potential  of  the  cell  is  monitored  with  a  high-impedance  electrometer 
and  recorded  on  a  strip-chart  recorder  until  it  has  stabilized.  Some 
measurements  were  performed  in  a  glass  cell  of  similar  design. 

Alpha-Palladium  electrode  potentials  are  measured  In  a  similar 
manner,  except  that  a  counter-electrode  and  electrolyte  compartment  are 
added  so  that  the  Pd  may  be  cathodized.  The  palladium  electrode  assem¬ 
bly  l 3  similar  to  that  of  Macdonald’s  (H) .  A  0.25-mm  Pd  wire  is  spot 
welded  to  a  0.25-mm  Pt  wire.  This  wire  is  then  sandwiched  between  two 
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pieces  of  heat-shrlnkable  Teflon  tubing  with  a  Teflon  rob  in  the  center. 
After  electrolyte  la  Injected  into  the  cell,  the  Pd  electrode  la  catho- 
dlzed  againat  the  counter  electrode.  The  potential  Is  then  measured 
versus  the  HgO  reference  electrode. 

RESULTS 

Figure  t  shows  the  dependence  of  the  Zn/HgO  cell  potential  on  the 
logarithm  of  the  zlncate  Ion  molality  at  7.666  molal  KOH.  A  slope  of  25 
raV/decade  Is  obtained.  This  slope  may  be  compared  to  an  ideal  slope  of 
29.6  mV/decade. 

Equation  (1)  Indicates  that  the  zinc  potential  should  not  depend  on 
the  hydroxide  concentration  In  ZnO-saturated  electrolytes 

Zn  ♦  HgO  -  ZnO  ♦  Hg  (1), 

and  the  experimental  verification  of  this  prediction  is  shown  In  Figure 

2.  The  error  bars  Indicate  the  potential  "drift"  during  a  two-hour  time 
period. 
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THERMODYNAMICS  OF  THE  COMPLEXES  OF  Cd(II)  AND  Pb(II)  WITH 
GLYOXYLATE  IONS. 

K. K. CH00DHARY+ ,S. C. BAGHEL*  AND  J.N.GADR 
Department  of  Chemistry  .University  of  Raj  as  than  .Jaipur  302004(Ind) 
Engineering  College, Ko ta( India) . 


Shift  in  half-wave  potential  of  metal  ions  by  addition  of 
sodium  salt  of  glyoxylic  acid  shows  complex  formation  with  Cd(II) 
and  Pb(II).  The  present  studies  are  in  succession  to  our  study 
on  In-glyoxylate* .The  values  of  overall  formation  constants  and 
thermodynamic  parameters  of  glyoxylate  complexes  of  Cd(II)  and 
Pb(II)  at  30 3K  and!  313K  are  reported. 

Experimental  :  The  sodium  salt  of  glyo:Qrlie  acid  was  used  for 
complexation  with  Cd(II)  and  Pb(II)  at  u=1.0  in  NaCK)4  at  pH 
6. 5*0. 2. The  characterstics  of  capillary  used  were  m=2.0  mg/ sec 
and  t=5. Osec  in  open  drcui  t.0.0053&  gplatin  was  used;  to  supreaae 
maxraia  in  all  the  Pb(II)  solution. All  the  solutions  were  polaro- 
graraed  in  a  H  type  cell  in  nitrogen  atmosphere  and  potentials 
were  measured  w.  r,  t.  S.C.E.  The  observations  were  made  at  two 
temperature  3O3K  and  313K. Ligand  concentration  was  varied  from 
0.05  to  0.50M. 

Result  and  Discussion  :  The  process  of  reduction  in  complexing 
media  was  found  rewersible  and  diffusion  controlled  as  the  slopes 
of  the  plots  of  log  i/id-1  vs  Ede  is  32*  O.lmv  and  idvs  hx  is 
straight  line. The  walue6  of  overall  formation  constants  of  the 
complexes  were  determined  by  DeFord  and  Humes  method  by  plotting 
Fj(x)  vs  Cx(ligand  concentration). The  corresponding  values  of  B0» 
5l,B2,33  are  obtined  by  extrapolating  Fo(x) ,Fl (x) ,F2(X)  and  F^Cx) 
to  zero  ligand  concentration.  Three  complex  species  of  the  follow 
ing  composition  M(CH0.C00t ,M(CH0.C00)2  MCCHO.COO)^  are  noticed 
with  both  the  metal  ions  at  30  3K  and  3' 3K  and  the  walues  of 
stability  constants  are  given  below. 


System 

Temp. 

Bl 

B2 

83 

Cd-Glyoxylate 

30  3K 

uo 

50 

1060 

31  3K 

40 

100 

760 

Pb-Glyoxylate 

30  3K 

500 

3000 

32250 

31  3K 

500 

3000 

4650 

♦Address  for  Co rrespon dance 

Laxmi  Udyog.Sitaram  Baxar.Kaisergang, Ajmer  305001  (India) . 
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Thus  it  is  evedient  that  the  stability  of  the  complexes  of  the 
bivalent  metal  ions  with  glyoxylate  ions  follows  the  following 
order  Cu>Pb>Cd.  Thus  confirming  the  results  of  Meller  and  cowork 
ers2,os  the  basis  of  above  results  the  nature  of  binding  may  be 
shown  as  below 


\  / 

M 


1  + 


1 : 1 


species 


indating  bldentate  nature  of  glyoxylic  add, also  shown  by  Rosso 
by  N.M.R.  signals  of  number  of  carboxylic  acid  in  water. 


By  rise  of  temperature, the  stability  of  the  metal  complex 
decreases  end  diffusion  current  increases  and  Ej  shifts  to 
more  +ve  side  as  compared  to  30jK.The  thermodynamic  functions 
for  1:3  complexes  were  calculated  from  the  values  of  overall 
formation  constants  at  30 3K  and  31  3K, shown  below 


Complex  species 
Pb-Glyoxylate 


SF° 

K  Cals/mole 

-6.29 


AH° 

K  Cals/mole 

*36.50 


AS° 

Cals/mole 

-99.70 


Cd-Glyoxylate 


-4.22  -6.3  -6.9 


As  seen  from  the  above  table  that  the  enthalpy  change  is  more 
negative  in  Pb-glyoxylate  complexes  as  compared  to  Cd- 
glyoxylate  complexes  further  confirming  our  results  that  the 
complexes  of  lead  are  more  stronger  than.  Cadmium. The  percentage 
distribution  of  warious  complex  species  of  lead  and  cadmium  in 
varius  forms  are  calculated  and  plotted  against  -log  Cx.  are 

Reference;  1  .K.K.Choudhary  and  J.N.Gaur,  Indian  Journal  of 
chemistry ,Vol. 1 4A,pp  596-598(1978). 

2.  Mellor  D.P.  and  Malvel;  Nature  1 59, 370( 1 947) ; 1 6! , 463( 1 948) 

3.  Dillon  K.B.  and  Rosooti  F.J. ,Chem. Commun. ,21 ,768(1966). 

4.  Day  and  selbin,  Theoretical  Inorganic  Chemistry  (East  West 
Student  Edition)  3140  967) 
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L.  OHICIUt  I.  A.  SILBERCt"*’  I.  BALDEa}  P LOREN TINA  CIOMOSf' 

MARIA  JITARUt+  D.  A.  LOVYt*  0.  H.  OPREA+  aad  LILIAMA  RADU 
Tuaiversity  if  CluJ-Napeca,  Dept.  ef  Physioal  Cheats try 
ICECHIM  -  Institute  ef  Chemical  and  Bieohemieal  Energetics, 
Cluj -lapses  Research  Greup,  Cluj -Hap see,  Remamia. 


Cathedic  reductien  ef  acrylenitrile  (ACM)  im  meutral 
pheephate  buffer  media  em  lead  electradea  yields  adipeaitrile 
(ADN;  by  hydredlmerisatiea  aad  prepieaitrile  (PI)  by  hydre- 
geaatiea  ef  the  heaegemeeua  deuble  bead.  As  a  ceasequeaee  ef 
chemical  aad  electreehemieal  precesaea,  the  fermatiem  ef  se¬ 
veral  mimer  by-preducta  was  alae  ebserved;  the  "hydretrlmer” 
1,3,6-tricyamehexame  (T)  ia  te  be  meted  ameag  these,  due  te 
its  eceurremce  aleag  the  mala  lime  ef  the  meehaaistio  stepe 
eatailed  by  the  electreaatiea  ef  ACH.  Excellent  eelectiritiee 
ef  ADN  fermatiem  are  easured  by  addiag  submice  Her  ceaceutra- 
tieas  ef  a  catieaic  surfactamt  te  the  electrelyte. 

It  is  the  purpose  ef  thia  paper  te  repert  lciaetic  ia- 
▼estigatioaa  ea  the  electrehydredimerisatlea  ef  ACH  te  ADN, 
almiag  at  determiaiag  eptimal  preparative  ceaditieaa  by  re- 
fiaiag  kaeeledge  abeut  the  reactiea  meohaaiam,  the  part 
played  by  the  quaternary  ammeaium  salts  ( QAS ) ,  aad  the  iaflu- 
eace  ef  the  temperature  upea  the  selectivity  ef  the  electre- 
reductiea.  . 

A  survey  ef  literature  data  aad  orltical  evalaatlea  ef 
receat  papers  (e.g.  )  made  ua  te  faver  the  fellewiag  reactiea 
sequence  as  embedyiag  the  mala  pathway  leading  frea  AOI  te 


ADN,  PN,  aad  T: 


ch2=ch-cn  |^cH2-cai-CH]*  [ch2-ch2-cn]  - 11 

A  Cl  ACH"  aCNH* 

[:ch2-ch2-ci]~  A— —  [nc-ch2-ch2-ch2-ch-cn]"  ~  j-qg,  -  l 


ACHH* 

+H„0 


ACIH” 

+h2oJ-oh“ 

ch3-ch2-cn 


♦ACN 

r  *  i-  +H2° 

[nc-ck2 -ch2 -ch2 -ch-cn] 


Wa  assume  that  the  first  step  ceasists  ef  the  eleetre- 
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aatiea  if  Ad  yieldiag  a  highly  reactive  aalea-radieal,  ca¬ 
pable  af  extraetiag  a  prataa  fraa  a  water  aeleeule  area  la  the 
comparatively  hydrephebic  eavireameat  erected  by  the  QAS  ad- 
serptlea  ea  the  cathede.  Siaee  the  radical*  are  characterised 
by  a  streag  eleetrephilicity.  we  alee  ceaaider  that  the  first 
three  steps  (aa  SCE  sequeaee)  take  place  la  the  adserbed  state 
a ad  ealy  the  carbaaiea  (ACHH~)  beceaes  a  free  aeriaf  reaetiea 
species.  It  is  at  this  stage  that  the  eempetlag  reaetiea*  se¬ 
cure,  lead lag  te  PH  by  preteaatiea  er  te  ADS,  via  the  seeead 
carbaaiea  ADS"  ,  la  a  Michael  additiea,  aaeuatiag  te  a  oyaae- 
ethylatiea  ef  ACNH". 

Ualike  previeus  ceasideratieas  la  the  literature,  feca- 
elmg  ealy  ea  the  partial  exelasiea  ef  water  frea  the  perlcathe- 
dio  regiea  by  the  eatieaic  surfactaats,  we  thiak  that  the 
phase-traasfer  catalytic  activity  ef  the  QAS  is  at  least  as 
iapertaat.  Ia  ear  eplalea,  the  ebserved  preduct  reties  ADN  w 
f  > PN  caa  be  aeceuated  fer  ealy  by  aceeptiag  that  ACKH~  is 
traasferred  frea  the  aqueeus  eavireaaeat  te  the  ACS -rich  er- 
gaaic  phase  dreplets  by  the  QAS  eeatiag  ef  the  latter,  the 
rate  ef  ADN*  feraatiea  thus  ceasiderably  exeeediag  that  ef  PS. 
Ia  ADN*,  the  lecatiea  ef  the  uaahared  electrea  pair  ef  the 
carbcaiea  aext  te  the  -CN  gremp  leads  te  aeseaerie  feras  la 
which  the  basicity  clearly  surpasses  the  aucleephilielty, 

0  ..d 

-CH-C^N:  - - -  -CH=C«Ni 

whereas  fer  ACNH"  the  reverse  is  ebvieusly  true.  Thus,  ualike 
ACNH",  the  preteaatiea  is  fevered  la  the  case  ef  ADN*  ever 
the  reaetiea  with  ACN  aad  the  trlaer  is  ealy  a  by-preduct. 

The  high  reactivity  ef  the  iatexaediates  aad  the  cata¬ 
lytic  effects  iavelved  are  the  preaises  fer  usiag  the  steady- 
state  apprexiaatlea  aad  the  fellewiag  kiaetic  aedel  emerges: 

Rate  expressiea 

i/2  5- 

k,[*cn2l  [h2o] 

i/2  % 

£  ^[acnh]  H2a; 

5  k2  rACNHj  f  ACNl 

5k^[ADNj  |H20] 

Sk3[ADNj  |ACN| 

M  ' 

H.r.  i  .t.ml.  f.r  th.  wiith  ,f  tH.  mctlii  l»,.r  ...  l  f,r 
the  everall  curreat  deasity;  siace  as  ether  way  fer  the~cea- 
suaptlea  ef  ACN>  is  ceasldered,  it  caa  be  takea  that  the 


Presses 

ACN  +  e" -  ACN" 

ACN  +  H20  J^ACNH*  ♦  OH" 

ACHH*  +  e* - -  ACNE" 

ACNH*  +  HgO  -kl>PM  +  CH" 
ACNH*  ♦  ACN  J52.ADN* 

ADN*  +H20  _Jii.ADN  ♦  OH' 
ADN  +  ACN  .k3,  T" 

T"  +  H20  ._ki,  T  ♦  OH" 
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ceatrlbwtlea*  if  the  twe  eleetreaatlea  steps  ts  i  are  equal, 
(1/2).  Ia  agreeasat  with  expsrlaeatal  ebserratieaa,  as  hy- 
4 regem  STtlutlsa  is  ts  bs  takea  lats  aoesuat. 

Ia  the  experlaeats  bars with  reperte4,  attsatisa  was  fe- 
cuse4  sa  the  4eteralaatisa  sf  PH/ADM  ratiss  at  4iffersat  tea- 
psraturss.  Hie  kiaetlo  as4sl  lea4s  ts 


"PH 


♦  k. 


UADN 


jwi 

\  4tAC1,l 


As  bsth  PI  aa4  T  repressat  alasr  pr*4ucts,  k,  k-  (A Cll«.  k, k*  [h«,o] 
aa4  with  a  gee4  apprexiaatiem,  J  ~  2  J 


cpi  _  H 

CADN  kjpCI^ 

tubers  ^[HgO]  *  k£. 

Thus,  iaerease4  ACN  4ispeaibility  fer  the  reaetiea,  by  iaprs- 
ve4  aase  traasfer,  effieieat  phaee-tramefer  catalysis  aa4  ep- 
timized  ACN/aqueeua  sappert  electrelyte  ratis  algalflcaatlj 
iapreve  the  selectivity  ef  ADN  ts.  PM  fenutlea,  with  saly  ts- 
lerable  iaerease  sf  [T]  la  the  eru4e  eleotrssyathssls  preduct. 
Ia  eur  experiaemtal  eea41tlsas  the  C^/C^  ratiss  at 

15*,  25*,  aa4  35*C  were  1.331.  *.336,  aa4  s.3ss,  respecti¬ 

vely.  yieldimg  far  the  ewerall  actlvatlea  eaergies  the  values 
Epjj  =  63.1  kJ/mele  aa4  3  69. s  kJ/aele,  suggest  lag  that 

there  is  aa  a441tieaal  slight  prefereace  far  ADM  feraatisa 
whea  werkiag  at,  er  absve  aabisat  teaperature,  aa4  that  emer- 
gy  ceasuaalag  cesliag  speratisas  are  set  asesssary. 

Werk  is  mew  ia  prsgrsss  iavestigatiag  the  pssslbllity 
ef  preaetlag  a  eae-step  feraatisa  ef  aa  ADM  ra4ical  by  aa 
c**°*rt*,iL  lew-emergy  eleetrematiea-prstematiea  ef  aa  (ACN)_ 

Jf  -ceaplex  ea  the  electrs4e  surface  la  a  QAS  matrix,  with- 
eat  PH-,  aa4  with  aegliglbls  T  feraatisa. 
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KINETICS  AND  MECHANISM  07  p,  p  * -DIAMINODIBENZYL 
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Ia  ceatrast  with  ether  areaatie  ai trader! va tires ,  there 
are  rery  few  4a ta  ia  the  liters tare  concerning  the  electrere- 
ductlen  ef  pjc’-dinitredlbenzyl  (DNDB)  te  the  cerreapeadiag 
diamine  (DADB) ,  am  iapertaat  into  medlar  ia  the  maaufactarlag 
ef  polyurethanes. -The  reported  pelare graphic  (ea  Hg)A  aai  cyc¬ 
lic  voltammetry2*-*  investigations  were  carried  eut  ia  aea- 
aqueeua  media  aad  are  ef  little  avail  te  preparative  werk.  A 
receatly  pateated  precedure  ef  vaa  TILBERG4  ealy  aeatieaa  the 
cathedic  reductiea  ef  DNDB. 

With  a  wiew  te  elaborating  a  useful  preparative  electre- 
symthesia  ef  DADB,  the  present  paper  reperta  aa  investigation 
ef  the  redmetiea  ef  DNDB  uader  peteatieatatio  and  gal vane sta¬ 
tic  cenditicas.  A  theraestated  electrelysis  cell  with  a  mi ere - 


aqueeus  ethaael  as  cathelyte  was  used.  The  abaerbaace  at  283 
an  served  fer  aeaiteriag  the  DNDB  cencentratiea  during  the  e- 
1 e  c  tre reductiea . 


pereas  Medileae  aeabraae,  diluted  aqueous  H,SO.  as  aaelyte, 
lead  as  aasde,  aad  a  stirred  8.2  le  4  M  solution  ef  DNDB  ia 


The  Guggeaheia  aethed  yielded  the  rate  ceastamts,  deter- 
aiaed  frea  the  slepe  ef  the  leg(Et-Eoo)  vs.  tlae  straight  line 
where  E+  aad  E  M  stand  fer  the  abierbaaces  at  a  time  t  after 


at  a  time  t  after 


w  ux  mast  «  g  xaua  ^  va  vuy  awBag  wmuoo  air  m  e  VwA 

the  start,  respectively  after  completion  ef  the  electrolysis. 
The  measurements  were  carried  eut  at  42  ,  5e.5?  and  62*  aad 
at  various  cathode  overvoltages  (?c)«  aalataiaed  with  a  Wea¬ 
ring  HP-72  peteatiestat;  a  saturated  calomel  electrode  served 


as  a  reference.  By  aeasa  of  Arrhenius  plots,  overall  activa¬ 
tion  energies  were  determined,  on  tin  aad  copper  cathodes 
(Table  1).  At  the  same  overvoltages,  on  tla  aad  lead  cathodes, 
after  3*  ala.  (  the  half-life  tiae  ef  DNDB  ia  the  process)  fs- 
radaic  yields  (r»)  aad  conversions  (z)  were  calculated  (Table 
2).  The  results  la  Table  3  display  the  parameters  ef  galvane- 
etatlc  experiments  em  tla  at  62*  aad  various  current  densities 


The  values  ef  E  demonstrate,  la  agreement  with  observa¬ 


tions  made  uader  somewhat  similar  conditions  ea  nitrobenzene 

and  p-ai tre toluene, '  that  the  diffusion  is  the  rate-control¬ 
ling  process,  stressing  the  importance  of  activated  mass 
transfer  and  of  increasing  the  solubility  of  DNDB  by  means  of 
cosolvents.  Tin  is  by  far  the  best  cathode  aaterial,  and  a 
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Table  1  Table  2 


Cathade 

*?c 

V 

r« 

V 

X 

% 

Tla 

a.laa 

a.  15a 

e.2ee 

a. 25a 

84.4 
36.9 
26.1 

22.5 

8a. 3 
85. a 
82.1 
92.5 

Lead 

a.laa 

a. 15a 

a.2aa 

•.25* 

b8.b 

68.2 
6a.  2 

.19  A 

39.3 

44.5 
46.8 

48.6 

Ythlg  3 


Cathade 

Vc 

* 

K* 

kJ/aala 

Tla 

a.laa 

a.  15a 

a.2aa 

a.  2  5a 

18.4 
16.2 

21.5 
35*9 

Capparla.laa 
_ ic.2ee 

59.8 

— g?A._ 

1,  aAcm“2 

22.2  33.3  44.4  66.6  88.8 

k,  la^s"1 

4.71  5.77  7.44  6.25  3.31 

cerreberatiea  af  data  la  Tables  1  a ad  2  lead  ta  the  oamala- 
alaa  that  a.laa  V  la  tha  eptimal  caapraaiaa  ralua  far  ca- 
tha4a  everveltage.  Under  thaaa  eeaditleas,  tha  DADB  la  far¬ 
med  mainly  by  a  chealcal  precess,  Mediated  by  tha  SnVSn2+ 
ceuple,  tha  electrochemical  caatrlbutiaa  canals ting  alaast 
exclusively  af  tha  rogeaeratien  af  tla  aatal.  When  higher 
everveltages  are  impesed,  tha  activatie*  energy  increases, 
donating  a  decrease  la  lapartaaea  af  tha  chealcal  reductiea, 
direct  electre chealcal  cenveralen  af  DNDB  lata  DADB  caning 
la  the  ferefreat.  The  fact  that  aa  capper  cathedea  tha  aett* 
vatlaa  energies  are  2-3  tlaaa  larger  thaa  aa  tin,  ladicatas 
that  aa  capper  the  direct  electrecheaical  reductiea  la  pre- 
daalaaat,  la  agreeaeat  with  tha  well-kaewa  lack  af  reductive 
prapertlea  in  the  case  af  capper,  unlike  that  af  tla. 

Under  galvaneatatlc  eaaditiaaa,  tha  reductiea  rata 
reaches  a  aaxiaua  arauad  45  nAca”^ ;  aver  this  value  af  eurreat 
density,  at  tha  DNDB  eaacaatratlaaa  used,  there  is  Increasing 
hydragea  evelutlea,  a  preceaa  which  hampers  tha  dlffasiaa  af 
DNDB  aaleculaa  tewarda  the  cathade,  and  dlalnishee  the  rate. 

The  electresynthesis  af  DADB  aa  tla  in  hydrechlerlc 
acid -a thaaa 1  madia  ie  remarkably  selective,  enly  traces  af  3- 
chlere-4,4 '-dlamiae-dibeasyl  being  farmed  by  a  transpesitlea 
at  tha  hydra xylaaiae  stage,  as  shewn  by  chreaate graphic  se- 
paratiaas  campled  with  mass-speetrenetric  structure  checks. 

The  herewith  reperted  results  apea  tha  reute  ta  a  prepa¬ 
rative  electresynthesis  af  DADB  and  are  new  subject  af  acale- 
up  inveatlgatiens. 


1. 

2. 

3. 

4. 

5. 
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ADSORPTION  OF  ANODXCALLY  GENERATED 
RADICALS  AT  CARBON  AND  PT-ELECTRODES 
AND  ITS  ROLE  IN  ELECTROORGANIC  SYNTHESIS 


Hartmut  WENDT,  Vo j tech  PLZAK,  Wolfgang  JENSEIT 
Institut  f.  Chem.  Technologic,  TH  Darmstadt 
Petersenstr.  20,  D-6100  Darmstadt,  Fed.Rep.Ger. 


Anodic  addition  of  radicals  (generated  from  different  anions) 
to  olefins  is  n  interesting  means  to  produce  1 . 2-bisubsti- 
tuted  ( monomer i.  .  (eq.5))  and  1 .4-bi substituted  (dimeric  (eg.4)) 
products1 . 


(1) 

X~  -  e" 

— •»  •  \  (2) 

2  X* 

(3) 

x-  *'c  = 
✓ 

'  i  * 

• 

(4) 

2  X  -  C 

•  kj  ii 

-  C  -=—  i  -  C  -  CK 

i 

l  • 

i  i 

(5) 

X’  ♦  X  - 

C  -  C  -i—  - 

»  • 
c  -  c 

•  i  i  » 


The  outcome  of  the  electrosynth  tis-reaction  depends  strongly 
on  the  reactivities  of  produced  "dicals  and  olefin-scaven¬ 
gers:  high  reactivities  of  both  st  'cies  favour  dimer  formation 
according  to  reaction  sequence  (1),  3), (4)  and  low  reactivities 
of  both  favours  the  annihilation  re«  tion  (2) . 

Additionally  the  relative  yields  of  t.  e  different  products, e.g. 
the  selectivity | is  strongly  influenced  hy  the  choice  of  the 
electrode-material: 

At  carbon  anodes  the  yield  of  X,  is  great. 'y  enhanced  at  the 
expense  of  1 , 2-substituted  products  and  th  yield  of  1,4-di- 
substituted  products  is  decreased  even  more 
For  X  a  NT  the  reaction  was  investigated  vo. tammetrically 
and  measured  current  voltage  curves  are  evalu..  ted  based  on 

the  Nernst-formula  with  respect  to  rate  constants  k,  and  k  ... 

1  aaa 

The  kinetic  analysis  reveals  that  if  platinum  el«.  ttrodes  are 
used,  all  consecutive  reactions  following  the  initiating 
charge  transfer  (eq.H))  are  essentially  homogeneout  reactions 
proceding  in  the  narrow  reaction  layer  in  front  of  the  elec¬ 
trode.  Seperately  determined  rate  constants  for  k  ..  illow 

aaa 
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to  predict  dependence  of  yields  on  current  ensity  and  olefin- 
concentration  according  to  a  homogeneous-reaction  model  and 
the  predictions  are  well  verified  by  preparative  data. 

At  carbon  anodes  all  consecutive  reactions  proceed  essentially 
heterogeneously  and  are  heterogeneously  catalyzed.  Especially 
the  (often  undesired)  radical-annihilation  reaction  (eq.  2)  is 
strongly  accelerated.  The  reason  are  established  saturation- 
concentration  of  styrene  at  carbon  electrodes  already  at  re¬ 
latively  modest  styrene  concentrations  (1  molar)  and  pro- 
nounced  adsorption  of  the  azide-radicals  on  carbon  anodes. 

Measurements  of  electrode-impedances  of  carbon  anodes  and  pla¬ 
tinum  anodes  at  which  azide  radicals  are  being  oxidized  re¬ 
veals  distinctively  different  adsorption  patterns  of  azide 
anions/radicals  at  these  two  different  electrode  materials: 

At  Pt-anodes,  which  are  covered  by  Pt-oxide  in  the  potential- 
range,  where  N”-anions  are  oxidized,  one  observes  expressed 
pseudocapacitance  -  maxima  due  to  insertion  of  N~  into  Pt-O. 
Therefore  the  discharge  associated  with  this  process  must  not 
be  associated  with  the  formation  of  N ^-radicals. 

At  carbon  anodes  an  adsorption-pseudocapacitance  cannot  be  de¬ 
tected  -  very  likely  because  the  stationary  concentrations  of 
N1 -radicals  are  very  low.  Those  stationary  surface  concentra¬ 
tion  of  N'-radicals  on  carbon-anodes  already  supposed 
from  the  kinetic  data  to  be  of  the  order  of  magnitude  10"1  to 

10"13  mole/cmJ  (e»10-5  to  10-4).5 

/I/  H.  Schafer,  A.  Alzarak,  Angew.  Chem.  8G  (1968)  485; 

121  V.  Plz&k,  H.  Wendt,  Ber.  Bunsenges.  Physik.  Chem.  83  (1979) 
481; 

/ 3 /  H.  Wendt,  V.  Plzdk,  J.  electroanal.  Chem.  1 54  (1983)  13; 

/4/  V.  Plz&k,  H.  Wendt,  J.  electroanal.  Chem.  1  i?4  (1983)  29; 

/ 5/  v.  Plz&k,  H.  Wendt,  J.  electroanal.  Chem.  180  (1984)  185 
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CARBON-CARBON  BOND  FORMATION  BY  REACTION  OF 
ELECTROCHEMICALLY  GENERATED  ARYL  RADICALS  WITH  NUCLEOPHILES 

C.  AMATORE1.3,  C.  COMBELLAS1,  M.A.  DTURAN1 
J.  PINSON1,  J.M.  SAVEANT1  and  A.  THIEBAULT  . 


‘Laboratoire  d'Slectrochifflie,  University  Paris  7, 

2  Place  Jussieu,  75251  Paris  Cedex  05,  France. 

2  #  , 

Laboratoire  de  Chimie  Analytique  des  Milieux 
Reactionnels,  ESPCI,  75231,  Paris  Cedex  05,  France. 

j 

Present  adress  :  Laboratoire  de  Chimie  :  Ecole 
Normale  Sup£rieure,  24  rue  Lhomond,  75005  Paris. 


1  reactions  constitute  a  powerful  method  for  the  aromatic  nucleophilic 
substitution  of  non  activated  substrates.  It  proceeds  along  the  following 
mechanism 


ArX  le  * 

ArX—  * 

Ar'  ♦  Nu  * 

ArNu~  -  ie  ? 

or  ArNu~  ♦  ArX  £ 

but  also  ArNu  ■* 


ArX-  ( 1 ) 
Ar'  +  X-  (2) 
ArNu  (3) 

ArNu  (4) 
ArX^"  +  ArNu  (5) 


Further  reaction  products  (6) 


Electrochemistry  affords  an  easy  way  for  triggering  the  above  sequence 
via  a  quantitative  formation  of  aryl  radicals  from  haloaromatics  (  equ.l). 
The  method  is  successfully  applied  to  various  carbon  nucleophiles  to  obtain 
carbon  carbon  bond  formation. 
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Nucleophile 


substrate  Product  Solvent  Yield  Mechanism 


Ketone  enolate 


CH2-jj-CH3 


Propionitrile 


ch3-ch-cn 


Cvanide 


CH  -C-CH, 
no2 


Oximate 


CH.-£-CH, 
3  |  3 


Phenate 


o 


0^CHjCOCH, 


Reactions 


4>-C-<^0^-cN 

6 


/vr,3 

<2>-i  <2>%„3 

11  ii  '«u 

O  q  ch3 


Wc, 


ii 

0 


30  1-3^6 


43  1-3+6 
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ELECTROCHEMICAL  BEHAVIOUR  OF  1 -METHYL-2 , 4-DICYANOPYRIDINIUM  ION 
IN  DIPOLAR  APROTIC  SOLVENTS. 

ITALO  CARELLI®,  ANTONIO  CASINI*3  and  FRANCO  LOMBARDO, 
a:  Centro  di  Studio  per  la  Elettrochlmica  e  la  Chimica  Fisica 
delle  Interfasi  del  CNR,  Via  del  Castro  Laurenziano,  7  -  ROMA, 
Italy,  b:  Cattedra  di  Chimica  Farmaceutica  Applicata  -  Universi¬ 
ty  "La  Sapienza"  -  ROMA. 


Electrochemical  reduction  patterns  of  1-methylcyanopyridi- 
nium  ions  were  extensively  investigated  in  our  laboratories  for 
mechanistic,  as  well  as  synthetic  purposesl , 2 , 3 . 

We  report  now  on  the  electrochemical  behaviour  of  1-methyl- 
2 , 4-dicyanopyridinium  tosylate  1^  in  aprotic  dipolar  solvent,  such 
as  dimethylformamide  (DMF)  or  acetonitrile.  Then,  cyclic  voltam¬ 
metry  measurements  performed  on  HMDE  or  GCE ,  showed  the  presen¬ 
ce  of  two  cathodic-anodic  one-electron,  well  resolved,  processes, 
the  first  one  at  about  -0.2  V  vs  SCE  and  the  second  one  at  about 
-1.1  V  vs  SCE  (Fig.  1 , a  and  Table  I). 

As  already  reported  in  a  previous  communication4,  the  first 
cathodic  process  corresponds  to  the  formation  of  a  stable  pyridi- 
nyl  radical  .which  caui  reversibly  be  reoxidized  to  the  starting  ion. 
This  radical,  obtained  also  by  electrolysis  of  1^  at  potential  va¬ 
lues  more  negative  than  the  first  cathodic  peak^was  unambiguous¬ 
ly  identified  by  e.s.r.  and  u.v.  spectroscopy  as  l-methyl-2 ,4- 
dicyano-4-pyridlnyl  radical,  identical  to  that  obtained  by  che¬ 
mical  reduction  of  1  5. 

The  second  cathodic  process  can  also  be  rationalised  as  one- 
electron  process,  consistent  with  the  evidence  from  voltammetric 
(Table  I)  and  coulometric  (n=2)  data.  The  reversibility  of  the 
second  step  is  lower  than  that  of  the  first  one;  however,  the  va¬ 
lue  i  /i  of  the  former  indicates  a  certain  degree  of  stabili¬ 

ty  ofPthe^produc t ,  reasonably  a  dihjdropyridinyl  anion. 

When  the  CV  is  performed  in  the  presence  of  a  small  excess 
of  weak  protonating  agents  such  as  3,4-xylenol  or  water,  a  remar¬ 
kable  decrease  of  the  second  anodic  peak  can  be  observed  (Fig. 
l.b  and  Table  II),  due  probably  to  the  coupling  of  the  anion  with 
the  proton.  Therefore,  it  seem  likely  that  the  reduction  of  1  at 
potential  values  more  negative  than  the  second  cathodic  peakT  in 
the  presence  of  protonating  agents  affords  dihydropyridine  spe¬ 
cies.  In  fact,  the  u.v,  spectrum  of  the  electrolyzed  solution, 
taken  immediately  after  the  end  of  the  electrolysis,  displays 
absorption  maxima  at  328  and  365  nm,  strongly  suggestive  of  di- 
hydropyridines .  l-methyl-2 , 4-dicyano-l , 4-dihydropyridine  2  and 
1 -methyl-2 , 4-dicyano-l , 2-dihydropyr idine  3,  prepared  via  an  in- 


1 


dependent  route,  actually  display  absorption  maxima  at  328  and 
365  nm,  respectively. 


SCHEME 


Fig.  1,  b 


_3 

Fig.  1 ,  a :  Cyclic  voltammogramm  of  1_  (1.0  x  10  M)  in  DMF  and 
0.1  M  TEAP  on  GCE.  Scan  rate:  0.20  V/s.  Dotted_line :  Voltammo- 
gramm  limited  to  the  first  process. 

Fig.  1 ,  b:  Cyclic  vol tammogramm  of  1  (1.0  x  10  M)  in  DMF  agd 
0.1  M  TEAP  on  GCE  in  the  presence  of  3,4-xylenol  (5.0  x  10  M) 
Scan  rate  0.20  V/s. 

Potential  values  are  referred  to  the  S.C.E. 
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TABLE  I.  Voltammetric  data  of  a  solution  of  1_  (1.0  x  10  M)  in 
DMF  and  0.1  M  TEAP  on  GCE. Potential  values  are  referred  to  the 
S.C.E.  (see  Fig.  l,a). 


Scan  rate 

-v 

V 

.  .0.5 

Vv 

~EpA 

*PA 

.0.5 

Vv 

i  A/i  „ 
pA  pC 

V/s 

V 

jiA 

V 

/*A 

Peak  I 

0.05 

0.21 

9.60 

43.04 

0.13 

9.60 

43.04 

1.00 

0.10 

0.21 

13.20 

41.77 

0.12 

13.80 

43.67 

1.04 

0.20 

0.21 

19.00 

40.71 

0.12 

19.60 

43.84 

1.03 

Peak  II 

0.05 

1.10 

7.80 

34.97 

1.02 

5.20 

23.31 

0.67 

0.10 

1.10 

11.00 

34.81 

1.01 

8.60 

27.21 

0.78 

0.20 

1.10 

16.20 

36.24 

1.01 

13.20 

29.53 

0.81 

TABLE  II. 

Voltammetric 

data  of 

a  solution  of 

1  (1.0  x 

10"3  Ml  in 

DMF  and  0 

.  1  M  TEAP  in 

the  presence  of  3,4-xylenol  (5. 

0  x  io*3m). 

Potential 

values 

;  are  referred 

to  the 

S.C.E. 

(See  Fig. 

1  ,b) . 

Scan  rate 

-E  „ 

i  „ 

,  ,  0.5 
i  /v 

-E  4 

i  , 

,  ,  0.5 

i  /v 

i  „ 

pC 

pC 

P 

pA 

pA 

p 

pA  pC 

V/s 

V 

IxA 

V 

fiA 

Peak  I 

0.05 

0.20 

9.00 

40.35 

0.12 

9.00 

40.35 

1.00 

0.10 

0.20 

12.80 

40.50 

0.12 

12.80 

40.50 

1.00 

0.20 

0.20 

17.80 

39.82 

0.12 

18.60 

41.16 

1.04 

Peak  II 

0.05 

1.10 

8.40 

37.66 

0.96 

3.80 

17.00 

0.45 

0.10 

1.10 

10.80 

34.17 

0.96 

5.20 

16.45 

0.48 

0.20 

1.10 

14.40 

32.21 

0.96 

8.20 

18.30 

0.56 
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ON  THE  OXIDATION  MECHANISM 
OF  NITROXIDE  RADICALS  IN  APRDTIC  MEDIA 


A.  TRA2ZA.  R.  ANDRUZII  and  0.  MARROSU 

Dipartimento  Ingegneria  Chimica  -  Universita  "La  Sapienza" 
and  Centro  di  Elettrochimica  e  Chimica  Fisica  delle  Interfasi 
del  C.N.R.  -  Via  del  Castro  Laurenziano,  7  -  OOl6l  ROMA  -  Italy 


As  a  continuation  of  our  previous  researches  on  the  reactivity  of  ra¬ 
dicals  we  are  studying  the  chemical  (with  cerium  ammonium  nitrate)  and 
electrochemical  (at  a  platinum  electrode)  oxidation  of  l,2-dihydro-2,2- 
diphenyl-3-aryliminoindolin-l-oxyls  (nitroxide  radicals)  la-e  in  acetoni¬ 
trile  in  both  the  presence  and  the  absence  of  nucleophilic  agents  of  various 
strengths. 

In  the  range  of  concentration  used  ( 1.  Hr4_5.  io^3mol  dm-^)  nitroxide  ra 
dicals  la-e  in  MeCN  (with  Et^NClO^  as  supporting  electrolyte)  exhibit  at  a 
pulsed  platinum  electrode  an  oxidation  step  at  potentials  between  0.6  -  0.7V 
(vs.  Ag/AgC10^  in  MeCN).  The  oxidation  process  turns  out  to  be  mono-electro¬ 
nic,  reversible,  diffusion-controlled  (in  the  dc  sense)  and  yields  the  corre 
spending  oxoammonium  cations  2a-e.  The  cyclic  voltammetric  experiments  at  a 
stationary  platinum  electrode  show  that  the  oxoammonium  cations  are  stable 
during  the  time  of  the  measuraments;  i.e.,  the  cyclic  voltamperograms  of  la-e 
exhibit  an  anodic-cathodic  system  (ipa/ipc  **  1)  even  at  sweep-rates  as  slow 
as  50mV  s"1.  On  addition  of  increasing  amounts  of  water  (molar  ratio  water/ 
reactant,  0  -  300)  to  the  solutions  of  nitroxide  radicals  la-e  in  MeCN- 
Et^NClO^  the  oxidation  step  increases  until  its  height  becomes  approximately 
three  times  higher  (i.e.,  the  electrode  process  tends  to  become  three-electro 
nic)  than  the  original  step.  The  corresponding  cyclic  voltammetry  shows  that 
in  MeCN-^O  the  oxidation  process  of  la-e  becomes  completely  irreversible, 
kinetic  in  character  and  involves  two  to  three  electrons.  In  fact,  i)  the  ori 
einal  anodic  peak  increases  its  height,  ii)  the  corresponding  complementary 
cathodic  peak  is  replaced  by  another  cathodic  peak  at  about  zero  potential  and 
related  to  the  follow-up  chemical  reaction  of  their  primary  oxidation  product, 
iii)  on  increase  of  the  sweep-rate,  the  current  function  (ipa/l (v)  decreases 
and  the  oxidation  peak  potential  (Ep)  shifts  towrds  more  positive  values. 

During  the  controlled-potential  electrolysis(at  0.9V)  of  nitroxide  radi¬ 
cals  la-e  in  pure  MeCN-Et^NClO^,  the  current  decayes  slowly  to  values  in  accor 
dance  with  napp  «*  ca.3.  Cyclic  voltamperograms  indicate  that  the  original  ano 
dic-cathodic  system  is  gradually  replaced  by  two  reduction  peaks,  the  first  at 
approximately  zero  potential  and  the  second  at  ca.  -0.6  V,  which  correspond  to 
reduction  of  protons  and  quinoneimine  N-oxides,  respectively. 


13061 


Macroscale  electrolyses  (at  0.9V)  of  la-e  in  MeCN-LiClO^  with  a  large  excess 
of  water  show  that  the  current  decays  rapidly  to  the  background  current  with 
napp=  3»  From  the  electrolysed  solutions  are  isolated  the  corresponding  5- 
(3a-e)  and  7-  ( la-e)  quinoneimine  N-oxides  in  percent  yields  80-90  and  15-7, 
respectively. 

To  explain  the  above  findings,  we  suggest  for  the  oxidation  mechanism 
of  nitroxide  radicals  la-e  the  scheme  1. 


SCHEME  1 


N-R  N-R 


a)  R  «  C6H5;  b)  R  =  C6H4-OMe(p);  c)  R  =  C6H4-Me(p);  d)  R  =  C6H4-Cl  (p); 
e)  R  =  C^H^-Br  ( p) . 

E1  >  ^2  ~  e3 

XOH  refers  to  nucleophilic  agent  like  H20,  MeOH,  etc. 
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Thus  the  electrode  process  of  nitroxide  radicals  la-e  in  MeCN  begins 
with  a  reversible  one  electron  step  yielding  the  corresponding  oxoammonium 
ration  2a-e.  These  cations  in  pure  MeCN  are  stable  at  the  electrode  during 
the  time  of  the  voltamnetric  measurements  but  during  the  electrolysis  they 
undergo  in  the  solution  a  nucleophilic  attack  at  C-5  (or  at  C-7)  yielding 
the  C-5  (or  C-7)  monosubstituted  hydroxylamino  derivatives  5a-e  (or  7a-e) . 
These  derivatives  can  be  further  oxidized  at  the  same  potential  of  la-e  to 
give  the  corresponding  5-  (or  7-)  substituted  nitroxide  radicals  6a-e 
(or  Sa-c) .  Finally,  the  oxidation  of  these  radicals  yields  the  5-(3a-e)  or 
7-(4a-e)  quinoneimine  N-oxides.  When  the  oxidation  of  la-e  is  carried  out 
m  MeCN  containing  (or  MeOH  the  oxoaramonium  cation  can  undergo  the 

nucleophilic  attack  at  C-5  (or  C-7)  even  at  the  electrode  ,  therefore  the 
anodic  step  involves  three  electrons. 
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ANODIC  CHLORINE  EVOLUTION  AND  CHLORINATION 
OF  c-HEXENE  IN  NITROMETHANE  SOLUTION 

CS.VISY  and  M.NQVAk 

Institute  of  General  and  Physical  Chemistry, 
University  of  Szeged, 

H-6701  Szeged,  P.O.Box  105,  Hungary 


Previous  studies  on  the  electrochemical  chlorination 
of  c-hexene  (CH)  on  a  Pt  electrode  in  nitromethane  (NM) 
solution  revealed  that  the  process  yields  not  only  dichloro 
-c-hexane  and  2-chloro-c-hexanol ,  but  also  2-chloro-c- 
hexanone.  Formation  of  the  latter  can  be  detected  only  in 
the  early  period  of  electrolysis  and, is  inversely  connected 
to  the  water  content  of  the  solution1.  The  relative  forma¬ 
tion  of  this  ketone  derivative  at  the  beginning  of  electro¬ 
lysis  increases  with  the  potential  applied  . 

On  the  basis  of  data  obtained  by  galvanostatic  and 
convolution  potential  sweep  voltammetric  methods,  chlorine 
evolution  in  the  absence  of  CH  could  be  described  by  a 
recombination-controlled  mechanism.  This  extends  the  valid¬ 
ity  of  the  conclusions  claimed  in  3. 

As  shown  earlier,  the  addition  of  CH  to  the  solution 
led  to  a  homogeneous  reaction,  with  the  formation  of  di¬ 
chloro  and  chlorohydroxy  derivatives.  The  formation  of 
chloroketone  appeared  to  be  a  heterogeneous  reaction.  Thus, 
if  CH  is  present,  it  should  adsorb  on  the  electrode  in  NM 
solution.  The  faster  rate  of  change  in  the  current  under 
potentiostatic  condi tions_dur ing  electrolysis  of  a  solution 
containing  both  CH  and  Cl”  indicates  the  adsorption.  Simi¬ 
larly,  the  currents  obtained  during  the  linear  potential 
sweeps  reveal  the  effect  of  this  phenomenon. 

The  increase  in  the  limiting  current  with  the  increase 
of  CH  concentration  shows  saturation,  indicating  that  the 
effect  of  the  olefin  present  arises  not  in  the  homogeneous, 
but  rather  via  heterogeneous  route. 

On  the  basis  of  the  product  distribution  one  might 
assume  that  the  current  excess  is  due  to  the  ketone  forma¬ 
tion,  the  rate  of  which  might  be  characterized  by  an 
expression  containing  the  coverage  of  CH. 
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POLYMER  PILM  FORMATION  ON  A  STEEL  CATHODE  BY  ELECTROCHEMICALLY 
INITIATED  COPOLYMERIZATION  OP  ACRYLONITRILE  AND  ACRYLAMIDE  IN 

AQUEOUS  SOLUTIONS 

M . C ve t kovska , T • Gr5  e v , L  j . Axsot 

Cyril  and  Methodius  University,Paculty  of  Technology  and  Metal¬ 
lurgy,  Skopje,  YU 


Introduction : Electrochemical  obtantion  of  polymer  films  on  me- 
tal  surfaces  with  given  c arac the ri sties  arouse  a  great  interest 
due  to  many  positive  aspects  which  include  a  possibility  of  pro¬ 
ducing  very  thin  films  having  specific  and  very  highly  praised 
properties  such  as  electroinsulation, thermostability, anticorro¬ 
sion  and  biocompatibility. 

Experimental : Polymer  and  copolymer  films  of  acrylamide (AA)  and 
acrylonitrile (AN;  on  steel  cathode(316  AISI)  are  obtained  by 
electrochemically  initiated  polymerization(EIP)  from  aqueous 
solutions  at  a  constant  current  and/or  constant  potential  at 
3o°  C  in  a  standard  electrochemical  cell .A  working  electrode 
was  a  steel  cylinder , mounted  on  teflon  holder. (exposed  area  5 
cm2) jauxilliary  electrode  was  a  platinum  foil(2o  cm2), and  as 
a  reference  electrode  a  saturated  calomel  electrode  was  used. 

The  kinetics  of  polymer  and  copolymer  film  formation  was  fol¬ 
lowed,  in-situ,  by  ellipsometry( Rudolph  Research  Ellipsometer 
43603 -200 J , in  optical  cell  at  angle  of  incidence  of  7o°  and 
wavelength  of  546,1  nm. 


Results  and  Discussion ;EIP  of  AA  on  metal  surfaces  from  aqueous 
solutions  of  AA  in  presence  of  ZnCl2  is  a  known  process  in  the 
literature  and  it  was  also  subject  of  some  our  previous  rese- 
arch(l) .Polyacrylamide(PAA)  has, however, some  specific  proper¬ 
ties  and, thus, a  specific  and  limited  application. Properties  of 
the  polymer  film  are  modified, by  copolymerization  of  AA  and  AN, 
so  that  the  fields  of  its  application  are  also  enlarged; (AA  and 
AN  are  monomers  similar  by  its  reactivity  and  polarity  which 
can  be  seen  by  values  of  $  and  e  in  the  Alfrey  and  Price  sche- 
me:QAA»l»18;«**-l,3;Q.*«o,6;e.-»l,2;AA  is  somewhat  more  reac- 
tive“han  AN, “Thus, it**  is  expected  that  copolymer  contains  mo^ 
re  AA  which  is  result  of  r^.  and  r.-  values, namely, r.  A«l, 727, 
«»o,573  or  rj.rp-0,99  winch  is^!haracteristicar"*ior  a  free 
radical  copolytherxzation  and  a  statistical  copolymer) . 


Chronopotentiometric  experiments  of  electrochemically  initia¬ 
ted  copolymerization  of  AA  and  AN  in  aqueous  medium  in  presen¬ 
ce  of  ZnCl2(o,15  M  ZnClg; j*2-5  mA/om2 ; pH-4, 2-5, 2) , figure  1, in¬ 
dicate  that  the  process  of  copolymerization  takes  place  at_the 
potential  of  reduction  of  Zn2*  ions  or  Zn2+-AA:ZnOH+-AA;Zn2+- 
AN  and  ZnOH^-AN  complexes(— l,2o  to  — l,5o  V/sceJ.The  formation 
of  polymer  or  copolymer  film  leads  to  a  reduction  and  a  signi¬ 
ficant  anodic  shift  of  the  process  of  electrochemical  dissolu¬ 
tion  of  deposited  Zn,fig.l.0n  the  other  hand, the  presence  of 
monomers(AA  and  AN)  in  the  solution  leads  to  significant  shor¬ 
tening  of  transition  time, occurence  of  new  reduction  process 
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at  about  -2 ,oV( hydrogen  evolution  from  water  present  in  the 
film)  and  cathodic  shift  of  the  quarter-wave  potential. In  aqu¬ 
eous  solution  of  ZnCl'i  containing  Alf(l,5  M)  and  AA(2-5  M)  at 
constant  current ,3-5  mi/cm2. for  1-3  min.  copolymer  films( de¬ 
termined  by  IR-spectroscopy)with  a  thickness  of  2-lo  urn  and 
exellent  electroinsulating  properties^  •  2-A.loJ-0  S“^  cm)are 
produced. Polymerization, in  this  cases, is  carried  out  by  a  free 
radical  mechanism, and  the  active  radicals  are  formed  by  a  di¬ 
rect  reduction  of  Zn2*  or  ZnOH+-AA  and  AN  complexes. 

During  above  mentioned  experiments, zinc  deposition  and  copoly¬ 
mer  film  formation  on  electrode's  surface  take  place  simulta¬ 
neously. Deposited  zinc  has  some  advantages, but  however, its  pre¬ 
sence  is  considered  undesirable  and, therefore, copolymerization 
process  was  also  performed  in  more  acid  solutions  (o,o25  M 
H2SO^)  without  ZnClg.  ” 

In  this  case, the  kinetics  of  polymer  film  formation  on  steel 
cathode  depends  on  cathodic  potential, i.e. cathodic  current  den¬ 
sity. The  El  copolymerization  of  AA  and  AN  even  at  relatively 
low  cathodic  potentials, simultaneously  with  the  reaction  of 
hydrogen  evolution(more  cathodic  than  -l,lo  V)  or  rather  more 
anodic  than  reduction  potentials  of  AN  and  AA(-1,8?  and  -1,95 
V)  is  an  additional  proof  for  assumed  mechanism  of  initiation 
of  polymerization  of  vinyl  monomers  in  acid  aqueous  solutions 

lH-M*^r°gen  radical3’i*e‘  Hads  <H  ♦  •  “  Hads  811(1  Hads  *  M“ 

The  kinetics  of  polymer  or  copolymer  film  formation  in  acid 
solutionsCH^SO/j.) , figures  2  and  3, indicates  existence  of  an  in¬ 
duction  period  of  7-9  minutes, and  a  rather  slower  development 
of  processes  compared  with  systems  containing  ZnCl?, figure  3. 
This  is, most  probably, due  to  a  interrelationship  between  the 
rate  of  hydrogen  evolution  and  the  initiation  of  polymeriza¬ 
tion. 

The  obtained  filma(PAN  and  PAN+PAA) ,with  a  thickness  of  3-5  nm, 
have  a  good  electroinsulating  and  antic orrosive  properties. J 
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Fig. 3 {Kinetics  of  polymer  and 
copolymer  film  formation  deter¬ 
mined  by  ellipsometry(Fig.2) 
and  by  weighing  method  for  the 
AA+ZnClp  system(0,15M  ZnCl2+ 

5M  AA,pfi«4,8^a5  mA/cm2)on 
s7eel  cathode. 
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ON  SOME 


EFEECT  OF  CONTACTING  PATTERNS 
ELECTROLYSES  IN  TWO  PHASE  ELECTROLYTS 


Z.IBRISAGIC  and  D. PLETCHER 
Faculty  of  Chemical  Engineering  ,  "Dju  ro  Rjcar  Stari" 
Uni  versit  y,  78000  Banja  Luka,  Yugoslavia. 

Department  of  Chemistry  ,t he  Uni ve rsit  y, Southampton  , 
S09  5NH, England. 


Earlier  work  ’  ’ J  has  shown  the  influence  of  zinc  chloride 
on  the  chlorination  of  naphtalene  by  electrolysis  in  a  water / 
methylene  chloride  emulsion  and  using  tet rabut ylammonium  ion  as 
a  phase  transfer  catalyst  .The  addition  of  ZnClp  to  the 
electrolyte  increases  the  selectivity  for  1-chforonaphtalene 
mostly  from  a  decrease  in  the  consumption  of  naphthalene  and 
therefore  from  a  slower  formation  of  di-  and  polychlorinated 
pro  du  ct  s3  . 


Both  a  hith  selectivity  and  a  high  current  yield  are  dependent 
on  balancing  the  flux  of  cation  radical  away  from  the  anode 
surface  with  the  flux  of  nucleophile  to  th$  surface,  which  is 
essentially  controlled  by  the  flu  x  o  f  ZnCl{(“  or  the  hulk 
concentration  of  tetrabut  ylammonium  ion3. 


Hence,  one  could  expect  that  the  contacting  pattern  would  have 
an  influence  on  the  reaction  path  and  products  distribution. 

Experiments  were  performed  in  an  undivided  and  divided 
stirred  tanc  reactors  and  emulsions  were  formed  with  a  rapidly 
rotating  magnetic  stirrer. In  the  undivided  cell  , electrodes  were 
perpendicularly  dipped  in  the  electrolyte  .having  ca .  3  cm  the 
interelectrode  gap. Howe  ver  .they  were  parallel  with  a  magnetic 
bar  stirrer  in  the  divided  cell  and  mutually  separated  by  glass 
frit  . 


In  the  flow  cells  emulsions  were  formed  by  the  intensive 
Fumping  of  the  tv©  phase  electrolyte  within  the  flow  system 
with  undivided  cells. In  the  flow  through  electrodes  cell 
the  enulsion  was  flowing  through  electrode  grids  located  over  the 
entire  crossection  of  a  cell  with  the  inter  electrode  gap  ca . 

4  cm,  while  was  passing  trough  the  rectangular  channel  in  the 
flow  along  electrodes  cell  the  interelectrode  gap  was  ca.5  mm 
and  the  wall  -  electrode  gap  ca  7  mm . 


Results  clearly  shows  that  the  selectivity  for  1-chloro 
naphthalene  is  higher  in  the  divided  stirred  tanc  reactor 
(Fig. 2)  than  in  the  undivided  cell  (Fig.1)  but  the  larger  effect 
is  on  conversion  of  naphthalene  and  hence  current  efficiency. 

However,  the  concentration  profile  against  F  mol"1  in  the 
flowthrough  electrodes  cell  (Fig. 3)  is  quite  comparable  to  the 
data  obtained  for  an  undivided  stirred  tanc  reactor  (Fig.1), but 
the  selectivity, particularly  at  lower  F  mol-1  fits  better  to 
the  behaviour  of  the  divided  cell  (Fig  .2). 
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It  seems  that  in  the  divided  stirred  tanc  reactor  besides  the 
fact  that  an  eventual  harmfbl  interaction  of  the  reaction 
product  with  the  counter  electrode  is  avoided,  the  increase  in 
the  conversion  and  the  selectivity  could  also  be  due  to  the 
elect  rode -elect  rol  yte  contacing  pattern.  Bearing  in  mind  that 
a  layer  of  a  circulated  emulsion  is  parallel  to  the  electrode 
surface,  one  could  visualize  a  possible  formation  o  f  an  uniform 
layer  of  cation  radicals  which  could  have  a  good  chance  to 
react  with  nucleophile  before  being  swept  away  to  the  bulk  of 
the  emulsion.  The  similar  situation  arose  from  the  flow 
through  cell  (Fig. 3).  The  direct  contact  of  unreacted 
naphthalene  with  the  electrode  surface  may  produce  a  high' 
concentration  of  radical  cations  in  the  fluid  leaving  the 
anodic  surface  for  the  reaction  for  surrounding  nucleophile 
before  being  mixed  with  neutral  molecules  of  naphthaline. 
Consequently  a  high  selectivity  for  1-chloronaphthalene  is  seen 
at  low  F  mol"1  (Fig. 3)  Table  1. 


In  the  flow  along  electrodes  cell  a  severe  drop  in  the 
conversion  of  nap.-halene  and  the  selectivity  for  1-chloro 
naphthalene  was  observed  (Fig. 4).  If  we  assume  that  plug  flow 
prevailed  in  the  system  most  of  naphthalene  flowing  molecules 
would  not  reach  the  anodic  surface  and  therefore  conversion 
would  fall  .However .cation  radicals  formed, would  easily  be  mixed 
in  the  bulk  of  emu  1  sion  , what  may  cause  the  decrease  in  the 
selectivity  for  1-chloronaphthalene. 


Table  1. 

STififtE&  rmr  ft  £  actors  flow  celts 

UNDIVIDED  DIVIDED  THHOUGH  ELECTRODES  ALONG  ELECTRODES 

F  mol"1  1.1  2.1  l.o  2.6  o  .4  o  .64  0.83  1.15  o  .4  0.8  1  .0  2 .0  2.4 

X,%  56  41  46  7o  14  2o  28  38  12  28  22  36  42 

S,%  71  57  86  9o  87  93  82  79  36  27  51  37  32 

X  -  conversion  of  na  pht  halene  ,  S  -  selectivity  for  C^H^ci 

Nevertheless  the  electrochemical  oxidation  of  dimethyldithio 
carbamate  (NaDTC)  to  tet raraet hylt hiu ram  disulfide  (TMT)  in 
aqueous  saturated  NaCl /solvent  emulsion,  at  ruthenized  titanium 
electrode, at  constant  current  density(i  =  l6  A  dm"^)  being 
terminated  to  1  F  mol-  NaDTC  does  not  depend  on  the  interfacial 
contact  of  the  electrode  -  electrolyte  system. 


Besides  a  high  conductivity  of  the  electrolyte  and  a  good 


transfer,  only  a  good  product  solubility  in  the  solvent 
obtain  a  very  high  product  yield  and 
as  it  is  shown  in  the  experiment  with 
If  this  condition  is  not  met,  like  in 
benzene  (Fig  .6),  the  product  yield  and 
remain  at  much  lower  value11*^. 


mass 

used  is  required  to 
current  efficiency, 
chloroform  (Fig  .5). 
the  experiment  with 
current  efficiency 


The  part  of  this  work  is  supported  by  ICI  pic,  The  Heath, 
rvi  nco  rn  ,  Che  si  re  WA7  4QE,  England,  to  whom  we  are  greatly 
acknowledged. 
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ELECTROCHEMICAL  REDUCTION  OF  2-BROMO-CARBOXAMIDES .  SELF-PROTONATION  AND 
PARTICIPATION  OF  THE  SOLVENT 

F.  MARAN,*  E.  VXANELLO , *  G.  CAVICCHIONI ,b  and  F.  D'ANGELIb 
aDipartimento  di  Chimica  Fisica,  Padova  (Italy) 

bLaboratorio  di  Chimica  Organica,  Facoltk  di  Farmacia,  Ferrara  (Italy) 


Previous  investigation  on  base-promoted  reactions  of  2-halogeno-carbox- 
amides  1  prompted  us  to  take  into  consideration  the  general  electrochemical 
features  and  product  distribution  in  the  cathodic  reduction  of  the  title 
compounds.  The  anionic  intermediates  arising  upon  electroreduction  of  these 
substrates  in  dipolar  aprotic  solvents  were  expected  to  abstract  protons 
from  the  parent  molecule  through  a  self-protonation  mechanism.2'3 

We  report  here  results  concerning  the  reduction  of  representative  2- 
bromo-2-methyl-propanamides,  BrCMe2CONR1R2  (r!«  H,  R2»  Ph,  Bz,  t-Bu,  c-hexyl; 
R1*  Me,  r2»  ph,  Bz),1’  and  preliminary  results  obtained  with  2-bromo-acet- 
amides,  BrCH2CONHR2  (r2«  bz,  c-hexyl). 

The  electrochemical  reduction  of  the  substrates  was  carried  out  at  Bg 
cathodes  in  anhydrous  DMF  or  MeCN  containing  Et4NCl04  or  Bu4NBr.  The  voltam- 
metric  pattern  exhibits  two  cathodic  peaks;  in  some  cases,  the  second  peak 
is  only  detectable  under  suitable  conditions,  dictated  by  the  sweep  rate 
and  the  nature  of  both  the  substrate  and  the  electrolyte. 

Controlled  potential  electrolyses  were  carried  out  at  potentials  of  the 
first  wave,  typically  in  the  range  -1.4  to  -1.9  V  vs.  s.c.e.  Exhaustive 
reduction  required  1  F/mol  for  each  substrate.  Product  analysis  (lH-n.m.r., 
IR,  MS,  and  HPLC  in  comparison  with  authentic  samples)  indicated  that  the 
corresponding  amides  with  H  in  place  of  Br  were  formed  in  ca.  50*  yield, 
the  nature  of  the  main  coproduct  being  strongly  dependent  on:  i)  the  protic 
(Rl*  h)  or  aprotic  (r1=  Me)  character  of  the  starting  material;  ii)  the 
solvent;  iii)  the  3#  or  1®  character  of  the  bromine  function.  The  coproduct 
distribution  can  be  summarized  as  follows: 

a)  Methacrylamides  arise  upon  electroreduction  of  aprotic  2-bromo-2-methyl- 
propanamides,  independently  of  the  solvent. 

b)  in  DMF,  protic  2 -bromo-2 -methyl -propanamides  afford  a  cyclocondensation 
product  with  the  solvent  itself. 

c)  In  MeCN,  the  coproduct  distribution  depends  upon  the  substituent  on  the 
nitrogen.  Whereas  in  some  cases  a,6-unsaturated  amides  are  formed  in 
consistent  yields,  in  other  cases  a  fragmentation  path  affords  acetone 
and  the  pertinent  isocyanide. 

d)  Protic  2-bromo-acetamides  afford  a  self-condensation  coproduct,  i.e.  a 
head-to-tail  cyclic  dimer. 

Accordingly,  the  macro-electrolysis  results  can  be  depicted  as  follows: 
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BrCR3R4CONR1R2 


(AH  indicates  the  debrominated  product  HCR3R4CONR*R2) 


The  finding  that  some  coproducts  are  identical  with  some  products  from 
the  base-promoted  reactions,  together  with  the  coulometric  results,  suggested 
the  occurrence  of  a  self -protonation  mechanism,  in  which  an  electrogenerated 
base  undergoes  proton  transfer  with  a  parent  molecule.  Further  evidence  was 
gained  by  testing  the  effect  of  adding  a  strong  base  or  an  acid  into  the 
electrochemical  cell. 

The  above  results  and  the  consistency  of  the  voltammetric  analysis  with 
a  recently  proposed  mathematical  treatment  on  self-protonation  nuances,3 
lead  to  the  following  conclusions: 

a)  The  process  taking  place  at  the  first  peak  is  a  2-electron  reduction  with 
C-Br  bond  cleavage. 

b)  The  carbanion  electrogenerated  from  an  aprotic  2 -bromo-2 -methyl-propan- 
amide  promotes  a  1 ,2-elimination  from  a  parent  molecule,  through  a  self¬ 
protonation  step.  As  a  consequence,  the  reduction  product  AH  and  the 
a,8-unsaturated  amide  (reducible  at  the  second  peak)  are  formed. 

c)  The  carbanion  electrogenerated  from  a  protic  2-bromo-2-methyl-propanamide 
is  expected  to  undergo  isomerization  according  to  the  acidity  of  the  N-H 
bond.  Also  in  this  case,  the  electrogenerated  base  is  protonated  by  a 
parent  molecule,  and  the  reduction  product  AH  is  formed  along  with  a 
bromo-anion,  i.e.  the  conjugated  base  of  the  parent  2-bromo-amide.  This 
anionic  intermediate  can  live  enough  to  be  reduced  at  the  second  peak 
with  C-Br  bond  cleavage.  Cyclocondensation,  elimination,  or  fragmenta¬ 
tion  products  are  eventually  formed  upon  decay  of  the  bromo-anion  itself. 

The  reduction  scheme  of  protic  2-bromo-2-methyl-propanamides  can  be  depicted 


as  follows: 


BrCMe.CONHR2 


HCMe2CONHR2  + 
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The  chemical  pathways  of  bromo-anion  decay  look  controlled  by  the  r2 
substituent  on  the  nitrogen  atom  and/or  the  solvent.  The  observed  chemo- 
selectivity  may  reflect  the  relative  energies  of  possible  intermediates 
and  transition  states,  as  will  be  discussed  on  the  ground  of  current 
studies,  including  ab  initio  calculations,  stereochemical  effects,  and 
electrochemical  kinetic  analysis. 
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ELECTROCHEMICAL  CARBOXYLATION  OF  STYRENE 

*  •  **  *  ** 
G.FILARDO  ,  S.GAMBINO  ,  A.GENNARO  ,  G.SILVESTRI  ,  E .VIANELLO 

•Istituto  di  Ingegneria  Chimica,  Palermo  (Italia) 
**Dipartimento  di  Chimica  Fisica,  Padova  (Italia) 


The  electrochemical  carboxylation  of  olefins  having  very  negative  redu¬ 
ction  potential,  i.e.  in  the  same  range  as  carbon  dioxide,  presents  some 
intriguing  problems  in  the  interpretation  of  the  reaction  mechanism  and  is, 
at  present,  under  investigation  in  our  laboratories.  From  the  synthetic 
point  of  view,  the  electrocarboxylation  of  some  of  these  olefins  is  very 
interesting  since  substituted  succinic  acids  can  be  obtained  in  some  cases 
with  excellent  yields.  This  is  the  case  of  Styrene  (Sty),  which  is  transfor¬ 
med  into  monophenyl-succinic  acid,  percursor  of  several  interesting  co-mo¬ 
nomers  for  the  production  of  modified  polyesters  and  polyamides. 

In  strictly  anhydrous  conditions  (i.e.  in  the  presence  of  dry  AljO.lsty 
shows  only  an  irreversible  cathodic  peak  in  cyclic  voltammetry  (CV)  at  low 
v  values,  but,  at  v=20  V-s-1,  a  cathodic/anodic  peak  system  is  obtained, 
corresponding  to  a  reversible  one-electron  process,  with  E°  *  -  2.58  V 
vs  SCE  (1).  The  reduction  potential  of  Sty  lies  in  between  the  two  values 
of  the  reduction  potentials  of  CO2:  the  E°  *  -  2.21  V  (2)  and  EP  *  -  2.8 
V;  therefore  the  Sty  anion  radical  produced  cathodically  could  act  as  re- 
ductant  towards  molecular  carbon  dioxide: 


Fig.  1  -  CV  of  Sty  in  anhydrous  Fig.  2  -  CV  of  Sty  in  the  presence 

DMF :  (a)  v  *  0.1  V-s“  ;  (b)  v  =  of  CO2 :  (a)  10-2m  Sty;  (b-e)  effect 

20  V'S'1  of  increasing  amounts  of  CO2 ;  v  * 

0.1  v.s"1  . 
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Sty  +  e“  StyT 

StyT  ♦  C02  - ►  StyC02T 

Sty7  ♦  C02«=f  Sty  ♦  COj7  - ►  StyCOj* 

Electrocarboxylation  by  macroscale  electrolysis,  of  Sty  In  aprotlc  con¬ 
ditions  is  a  simple  and  straightforward  process  in  which  yields  up  to  85% 
in  the  dicarboxylated  derivative  are  attained.  The  cathodic  material  has 
decisive  influence  on  the  behaviour  of  the  electrochemical  system:  the  best 
yields  of  electrocarboxylation  are  obtained  with  compact  grafite  (CG) ,  whe¬ 
reas  with  metallic  cathodes  (Hg,  Cu,  Zn)  the  main  cathodic  process  involves 
the  electropolymerization  of  the  olefin.  With  vitreous  grafite  (VG)  the  di¬ 
meric  3,4-dipehnyladipic  acid  has  been  produced  with  yields  up  to  10%. 

The  anodic  process  involves  oxidation  of  sacrificial  Al  anodes  which  al¬ 
lows  the  syntheses  to  be  performed  in  diaphragm- less  cells  and  the  carboxy- 
lated  product  to  be  recovered  as  Al  salt. 

Depending  upon  experimental  conditions,  several  electrochemical  patterns 
have  been  observed: 


C6H5CH=CH2 


♦  2  e  ♦  2  C02  C00“ 

- ►  C  H  CH-£h 

6  51  2 

COO 


*  2  e  ♦HgO+COg,^  C  H  CH  -CH  -COO- 
6  5  2  2 


♦  2  e  ♦  2  HjO 


-*  C  H  CH  -CH 
6  5  2  3 


♦  2  e"  ♦  2  C02_^  C6H5CH-CH2-COO" 


DIMERIZZ. 


C  H  CH-CH  -COO' 
6  5  2 


-I~e _ 2?- - *  rC  H.cn-cn^ 

POLIMERIZZ .  '  n 


DIC 


MOC 


EB 


DIM 


The  presence  of  protlc  agents  generally  induces  the  formation  of  mono- 
carboxylation  derivatives,  with  the  protonation  taking  place  always  on  the 
carbon  atom  adjacent  to  the  activating  group.  The  results  of  some  experi¬ 
mental  runs  are  summarized  in  Table  1. 

For  H^O  in  the  range  10  Hi. 5  M,  the  following  relationships  among  the 
products  yield  and  water  concentration  were  found: 

EB  <%)  =  0.85  +  4.6[H20] 

DIC  (%)  ■  18.4  -  22.9  log[H20] 

MOC  <».)  =  58.6  r  19.3  log[H20] 

When  acetic  acid  is  employed,  under  strictly  anhydrous  conditions,  we 
obtain  only  the  dicarboxylated  derivative  and,  as  cathodic  coproduct. 
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hydrogen  gas.  This  is  presumably  to  be  attributed  to  acetic  acid  re¬ 
duction  hindering  proton  transfer  to  the  adduct  between  Sty  and  C0-. 

The  carb oxylation  can  be  performed  at  substantially  lower  potentials 
through  homogeneous  redox  catalysis,  the  anion  radical  of  benzonitrile 
being  used  as  reductant  (see  Table  2).  The  voltamroetric  analysis  of  the 
system  Benzonitrile/Sty/C02  provides  useful  information  as  to  the  reac¬ 
tion  mechanism  1  . 


TABLE  1 . 

ELECTROCH  EMI CAL 

CARBOXYLATION 

OF  STYRENE 

Cathode 

Protic 

E 

Sty  a 

Charge 

Current  Product 

yields 

Agent 

Conversion 

passed0 

yield 

DIC 

MOC 

EB 

(M) 

(V) 

CG 

h2o  10~3 

-2 

91 

2.2 

65 

85 

1 

Traces 

VG 

H20  io'3 

-2.7 

87 

2.3 

66 

40 

35 

Traces 

CG 

AcH  .67 

-1.1 

80 

4.6 

36 

83  Traces 

Traces 

CG 

H-0  .23 
£ 

-1  .6 

90 

2.4 

72 

40 

44 

2 

CG 

H20  .61 

-1.6 

92 

2.4 

72 

23 

58 

4 

CG 

H20  3.33 

-1.3 

97 

3.0 

47 

2 

69 

16 

a)  referred  to  initial 

Sty;  b)  in  % 

referred 

to  Sty 

converted 

;  c)in  mol 

electrons  per  mole  of  Sty. 


TABLE  2.  ELECTROCARBOXYLATION  THROUGH  REDOX  CATALYSIS. 


Moles 

of 

Charge  ^ 

E 

Sty  a 

Product 

yields15 

Sty 

0-CN 

passed 

(V) 

Conversion 

DIC 

MOC 

0 

2.3- 10-3 

6.9-10~2 

-2.15 

70C 

2.5-10-2 

O 

5.2-10-2 

-2.45 

60 

60 

29 

1.9- 10"2 

3.4* IO-3 

4.0- IO-2 

-2.15 

85 

52 

22 

a)  referred  to  initial  Sty;  b)  in  t  referred  to  Sty  converted;  c)  oxalic 
acid,  the  yield  is  referred  to  the  charge  passed;  d)  in  mol  electrons. 


References 

1)  G.Filardo,  S.Gambino,  G.Silvestri,  A.Gennaro  and  E.Vianello,  J. Electro 
anal.  Chem. ,  177  (1984)  303. 

2)  E.Lamy,  L.Nad;jo  and  J.M.Savgant,  J.Electroanal .Chem. ,  78  (1977)  403. 


10 


13120 


ESR  STUDY  OF  SEVERAL  METHYLBENZOATES 
RADICAL  ANIONS  OBTAINED  BY  IN  SITU  ELECTROCHEMICAL  METHOD 

A. SANCHEZ,  P.CALLE  and  C.SIEIRO* 

Dptos .Electroqulmica  y  Q.Flsica*U . AM.  28049-MADRID (Spain) 


Introduction 

The  methylbenzoic  acids  are  compounds  which  are  studied  in  Spa¬ 
nish  laboratories  using  different  experimental  techniques  (visible 
and  U.V  and  NMR  spectroscopies,  X-Ray  difraction,  etc)*.  The  main 
conclusion  of  these  studies  was  the  observation  of  a  torsion  of 
the  carboxylic  group  when  the  ortho-  positions  hinder  it.  Diffe¬ 
rent  values  of  the  torsional  angle  were  reported  depending  on  the 
experimental  techniques  used. 

We  thus  consider  very  interesting  to  obtain  additional  information 
about  the  torsional  angle  in  analyzing  the  ESR  spectra  of  the  co¬ 
rresponding  radical  anions.  Furthermore,  we  complete  the  spectros¬ 
copic  study  of  these  acids. 

Due  to  the  difficulty  in  the  generation  of  the  $-COO-  and  fi-COO- 
CH3i  radical  anions  by  chemical  methods,  we  generate  them  using 
electrochemical  methods. 

The  radical  <p-C 00-  are  very  unstable  in  protic  and  in  aprotic 
media,  whereas  (thCOOCHj -  is  sufficiently  long  lived  in  aprotic 
media  and  this  therefore  permits  its  detection  in  adecuate  expe¬ 
rimental  conditions.  Moreover  it  is  well  known  that  the  presence 
of  electron  donating  groups  inhibits  the  electrochemical  reduc¬ 
tion  of  the  carboxylic  acids^  .  However,  the  aromatic  esthers  in 
aprotic  solvents^-*  give  rise  in  the  polarographic  reduction  to 
two  waves  the  first  of  them  corresponding  to  the  radical  anions 
(p-COOR'i  formation.  For  these  reasons,  we  previously  estherifi- 
ed  the  methylbenzoic  acids  and  we  carried  out  the  electrochemical 
generation  of  the  corresponding  benzoates  radical  anions. 

The  compounds  studied  can  be  seen  in  Diagram  1. 


Diagram  1 
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Experimental 

The  electrolysis  was  carried  out  in  a  flat  cell  pla  ed  in  the  mi¬ 
crowave  cavity  of  the  ESR  spectrometer. 

The  following  experimental  conditions  were  used:  so  vent  *  Acetho- 
nitrile  distilled  in  vacuum  in  presence  of  Phosphor  c  pentoxide; 
supporting  electrolyte  =  tetreethylammonium  tetraf 1  orborate (100 
mM)  ;  electrodes  *  Au,Pt  or  Hg  pool  depending  of  the  compounds  stu¬ 
died;  to  obtain  ESR  spectra  with  high  resolution  we  prepared  di¬ 
lute  solutions  of  the  compounds  studied  (ImM)  and  v-  used  very 
low  microwave  power  (2-5mW).  The  solution  were  prev  ously  degassed 
for  to  avoid  the  effect  of  the  dissolved  oxygen.  Du.  ing  the  elec¬ 
trolysis  an  inert  atmosphere  was  maintained. 

The  g  factor  was  obtained  by  means  of  a  glass  capil  ary  filled 
with  the  standard  peroxylamine  dissulphonate,  freshl-  prepared  in 
a  sodium  carbonate  (5mM)  aqueous  solution.  We  did  n<  t  use  a  three 
electrodes  electrolysis  because  the  radical  generat.on  in  our  case 
can  be  performed  using  a  constant  intensity  current.  The  intensi¬ 
ty  current  used  was  about  .5-1  mA. 

Results  and  Discussion 

In  Table  1  can  be  shown  the  hyperfine  coupling  cons’ ants  and  g 
factor  of  the  radical  anions  studied. 

a)  The  equivalence  of  the  methyl  protons  indicates  a  free  rotation 
of  the  methyl  groups  even  in  the  more  hindered  cases. 

b) the  hccs  for  all  the  radicals  indicate  that  a (H) a (H) 0N  a(H)m 

in  an  approximate  relation  of  4:2:1.  '  ' 

This  electron  spin  distribution  agrees  with  the  most  stable  cano¬ 
nical  structures. Fig. 1 

c)  In  methoxyl  protons  we  obtain  practically  the  same  hccs  for  all 
the  compounds  studied  except  the  very  hindered  radical,  i.e.  2,6- 
dimethyl-  and  2,4,6-trimethyl-.  Due  to  the  independency  of  the  me¬ 
thoxyl  proton  hccs  with  the  torsion  angle,  we  can  not  obtain  any 
information  about  this  angle. 

The  radical  anions  obtained  by  electrolysis  of  the  esther  group 
were  very  well  resolved  but  in  several  esthers  we  need  to  try  se¬ 
veral  electrodes  in  order  to  obtain  a  high  resolution  of  the  ESR 
spectra. 

This  method  is  extremely  useful  for  obtaining  radicals  but  pre¬ 
sents  the  inconvenience  that  within  few  minutes  the  spin-spin  in¬ 
teractions  provoke  the  lines  broadening  and  finally  a  fast  decre¬ 
ase  in  the  radical  concentration.  This  effect  is  inherent  to  this 
type  of  generation  and  it  is  not  very  easy  to  avoid  the  acumulati- 
ve  concentration  of  radical  ions  along  the  working  electrode. 

Fig.l 


O^/OMe 
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Table  1 

MAGNETIC  PARAMETER  OF  THE  METHYLBENZOATES  RADICAL  ANIONS 


Comp. _ Hyperfine  coupling  const  ants 


H  ( 2) 

H(3) 

H  ( 4 ) 

H  ( 5) 

H*6) 

H(OMe) 

la 

TTJ3 

0.94 

7 . 50 

0.§4 

~i.  16 

“or 

2.00363 

2a 

4. 25 (Me) 

0.85 

7.70 

0.85 

4.25 

0.85 

2.00339 

3a 

4.05 

0 . 9  5 ( Me ) 

7.25 

0.95 

4.40 

0.95 

2.00331 

4a 

4.40 

1.00 

7 , 90 (Me) 

1.00 

4.  40 

1.00 

2.00315 

5b 

4.40 (Me) 

1.00 (Me) 

7.60 

1.00 

4  .  >0 

1.00 

2.00312 

6a 

4 . 5  0 ( Me ) 

0.40 

8 . 30 (Me) 

0.95 

4.  )0 

0.95 

2.00322 

7b 

4 . 40 (Me) 

0.90 

7.60 

0.90 (Me) 

3.30 

0.90 

2.00324 

8C 

4. 50 (Me) 

0.75 

8.40 

0.75 

4.  >0 (Me) 

0.75 

2.00334 

9a 

4.52 

0 . 97 (Me) 

8.15 (Me) 

0.97 

4  .  >2 

0.97 

2.00327 

10C 

4.00 

0 . 89 (Me) 

6.90 

0.94 (Me) 

4.  )0 

0.89 

2.00309 

11C 

4. 50 (Me) 

1.00 

8 . 00 (Me) 

1.00 

4. 50 (Me) 

0.50 

2.00366 

a)  Pt-Pt  electrodes 

b)  Au-Au  electrodes 

cj  Pt-Hg  pool  electrodes 
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ELECTROCHEMICAL  STUDY  OF  ETHYLENE  BIS  SALICYLIDENEIMINATO  COBALT  COMPLEX. 

APPLICA I TON  TO  THE  ELECTROCATALYSIS  OF  ORGANIC  HALIDES  REDUCTION. 

*  *  *  **  *** 

J.M.  DUPRILOT  ,  F.  BEDIOUI  ,  J.  DEVYNCK  ,  J.C.  FOLEST  and  C.  BIED-CHARRETON 

* 

Laboratolre  d’Electrochimie  Analytique  et  Appliqude  -  ENSCP, 

11,  rue  Pierre  et  Marie  Curie,  75231  -  PARIS  Cedex  05  (France). 

LECSO,  Laboratoires  CNRS  -  THIAIS  (France). 

... 

Laboratoire  de  Chimie  de  Coordination  Bioorqanique  (UA  255  du  CNRS) , 
University  Paris-Sud,  91405  -  ORSAY  (France) . 

Electrocatalyzed  reduction  of  organic  halides  with  ethylene  bis- 
salicylideneiminato  Cobalt  (Co  Salen)  is  studied  in  THF-HMPT  (40-60%)  medium  at 
25°C.  The  electrocatalytic  process  can  be  described  by  the  following  scheme  : 


RX.R'X 


<  Co*  > 


RX  «  organic  halide 
<  CoB  >  *  Co  Salen  complex. 


The  kinetic  of  formation  and  rupture  of  the  cobalt-carbon  bond  have 
been  calulated,  for  different  kind  of  RX,  by  analysis  of  cyclic  voltammograms 
obtained  with  Co  Salen  and  RX  at  different  scan  potantial  rates 


R1 

•2.43 


R2  R3  R4 
•2.25  -2.2  -2.15 


-1.75 

— - 1 - 1 - 1 - > 

-1.57  -1.52  -1.44 

R1 

R3  R2  R4 

1.4 

4.45  27  44 

- 1 - 

- 1 - - - 1 - -  I 

*  ( V) /SCE 


.-3. 


e1/2:  RCo (III )Salen/RCo (II) Salen" 


RCo( III) Salen 


0.7  55 


96 


r  rh 
Irr 


+  CoSalen 


R 


1 


n-C^HgBr  ;  R2  a  CH3CH  =»  CHCHjCl 


R3  »  C6H.CH2C1  ;  R4  *  C.HjCH  »  CHCH,Cl 


Quantitative  reductions  at  controlled  potential  on  a  mercury  pool 
are  performed  with  RX  of  various  types  in  presence  of  Co  Salen.  The  yield  of  the 
syr.thetized  products  is  determined  and  conditions  of  the  C-C  bond  formation  by 
rcmccoupling  (RR  formation)  are  precised1.  The  selectivity  of  the  catalytic 
process  depends  on  the  nature  of  the  solvent  and  the  R  group  (Table  1). 
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•X 

RX/C# 

— 

UattrthrM 

tnmw 

.1V/.SCCL 

Pfllixn  <ti 
NM  HII 

VI**# 

(!) 

• 

Ymnmrr+.m  uciok 
*.t.  * 

•i.n 

tt 

M 

tt 

C^'CM  •  CMftr 

P— OH.  IM  Nte.«f, 
n.i.  *  * 

-I.U 

tt 

t 

tt 

CH,CH  ■  CHCMjCl 

• 

uoe, 

t.t. 

-i.n 

M 

t 

It 

C'HjCM  •  CMCNjCI 

i 

OtKH,  m  uoo. 

».«.  * 

-i.n 

M 

It 

Tt 

C|H  jCHjCI 

it 

THrmttrt'O.M  ucio. 
«.#. 

•i.n 

•1 

tt 

SI 

CjHjCMjCI 

it 

THriHH*T<+.M  UCK>. 
#.  * 

-I.U 

It 

It 

It 

-2 

CoSalen  :  10  M 
d  :  dehydrated 
n.d  :  non  dehydrated 


Application  to  heterocoupling  reactions1  and  car boxy la t ion a  are 
reported  in  tables  2  and  3. 


ii 

M  «  'l 

•1 
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This  study  shows  that  RR  coupling  reactions  are  efficient  in  well 
dehydrated  solvents,  and  good  yields  in  heterocoupling  necessitate  comparative 
kinetics  for  the  formation  and  rupture  of  cobalt-carbon  bond.  Elsewhere,  carbo- 
xylation  reactions  occur  in  good  yield  on  benzylic  compounds  and  are  the  first 
example  for  carboxylation  catalyzed  by  cobalt  base  Schiff  complexes. 


Modified  electrodes  by  fixation  of  different  complexes  on  electrode 
surface  have  been  also  studied  :  different  methods  can  be  used  and  these  modified 
electrodes  are  studied  by  electrochemical  (cyclic  voltammetry,  chronoamperometry) 
and  optical  methods  (spectroscopy  and  electroreflectance) .  Different  types  of 
electrodes  are  reported  : 

Type  1  :  polystyrene  attached  cobalt  Schiff  base*  and  zeolithe  modified  manganese 
porphyrin  "  (Mn(III)TMPyP)  are  pasted  with  graphite  and  studied  by  electrochemi¬ 
cal  methods. 


Cmt—n  /pA 
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Type  2  :  Thin  layer  of  a  polymerised  base  Schiff  can  be  deposited  on  gold  elec¬ 
trodes  by  evaporation,  and  anionic  porphyrins  or  cobalt  base  Schiff  complexes 
can  be  incorporated  in  polypyrrole  films  by  electrochemical  polymerisation. 
These  electrodes  are  characterized  by  optical  an  electrochemical  methods. 


Electrocatalysis  reduction  of 

in  H,SO.  0.1M 
2  4 

a)  Gold  electrode 

b )  Go ld/Po ly py r ro le /TCPPCo (III)  e lectrode 

1. with  Argon 

2.  with  Oxygen 

3)  Potential  region  where  TCPPCo (III) /Co (II) 
redox  system  is  detected  by  electro  .. 
reflectance  technique  (Gold/Polypyrrole/ 
TCPPCo  electrode) . 


Electrodes  polypyrrole  of  type  2  are  shown  to  be  efficient  in  Oj 
reduction5.  Zeolithe-manganese  porphyrin  electrode  (type  1)  can  be  used  as  a 
catalyst  in  phenol  oxidation  by  molecular  oxygen. 
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KINETIC  AND  THERMODYNAMIC  PARAMETERS  IN  THE  REDUCTION 
OF  ALKYLARYLSULPHIDES  IN  APROTIC  MEDIUM 

M . C . AREVALO3 ,  G.FARNIAb,  M.G.SEVERIN*3,  E.VIANELLOb 
^Departamento  de  Quimica  Fisica,  La  Laguna  (Spain) 

Dipartimento  di  Chimica  Fisica,  Padova  (Italy) 


The  electrochemical  reduction  of  organic  sulphides  of  general  formula 
ArSR  has  been  the  object  of  little  investigation  in  the  last  years1'2. 

The  kinetic  and  thermodynamic  characterization  of  the  reduction  mecha¬ 
nism  of  some  p-nitrosubstituted  arylalkyl  sulphides  was  recently  discus¬ 
sed^. 

In  this  communication  we  report  an  analysis  of  the  reduction  mechanism, 
in  anhydrous  dimethylformamide ,  of  the  following  sulphides:  triphenylmethyl 
(0  CS0) ,  diphenylmethyl-(<92CHS0) ,  and  phenylmethyl-phenylsulphide  (0CH2S0) 

Cyclic  voltammetric  measurements  and  controlled  potential  electrolyses 
reveal  that  the  reduction  involves  the  cleavage  of  a  C-S  bond  (see  Fig.ll 
Product  yields  and  coulometric  coefficients  (table  I)  in  macroscale  electro 
lysis  also  indicate  that  an  overall  two-electron  process  is  operating  for 
0-CS0  and  0CH  S0,  while  an  apparent  one-electron  reduction  takes  place  with 
02CHS0. 


TABLE  I 

Products 

(mol  %)  and  coulometric  yield 

Sulphides 

0SH 

0 

nCH(4-n) 

R-S-0 

n 

03CS0 

84 

95 

- 

2.0 

0-,CHS0 

58 

46 

42 

1 .08 

0CH-,S0 

90 

75 

- 

1.94 

In  the  former,  cases  the  stoichiometry  can  be  rationalized  by  the  sequen- 

R-S-0  +  e  IL,  [r-S-q'  " 

;R-S-0l~  — ^  R  *  +  S0  ’ 

'  E°  ,  .  r  ,  - 

R  *  e  —2—*  and/or  R  +;r-S-0J  — *R  +  R-S-0 

R  +  SH  - *  RH  ♦  S' 


where  EJ  is  much  greater  than  the  reduction  potential  of  the  substrate  it¬ 
self,  at  least  in  the  case  of  0^CS0  . 

Diphenylmethyl  phenylsulphide ,  owing  to  its  acidic  properties,  can  act 
as  a  proton  donor  towards  the  electrogenerated  anionic  species,  specifica¬ 
lly  R  ,  and  the  last  step  is  replaced  by: 

02CH'  ♦  02CHS0  Jls.,  02CH2  *  !02CS0j" 

causinq  the  overall  reaction  to  result  an  one-electron  process. 

The  voltammetric  analysis  also  shows  that  the  first  electron  transfer  is 
always  the  rate  determining  step. 

The  reduction  has  also  been  carried  out  by  means  of  convenient  sets  of 
redox  reagents,  with  similar  coulometric  and  product  yield.  This  result 
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allowed  us  to  use  the  method  of  homogeneous  redox  catalysis  in  order  to 
determine  useful  kinetic  and  thermodynamic  properties  of  the  process. 

From  these  studies  we  could  obtain  such  parameters  as  the  standard  poten¬ 
tial,  E“, of  the  first  electron  transfer,  the  standard  rate  constant  for 
the  homogeneous  electron  transfer,  k°,  and  the  rate  constant,  k,  for  the 
homogeneous  decay  of  the  primary  radical  anion  (Table  II) .  This  latter  re¬ 
sult  actually  bears  evidence  of  the  existence  of  a  chemical  step  following 
the  charge  transfer  and  thus  of  the  anion  radical  as  a  reduction  interme¬ 
diate  . 

By  taking  advantage  of  the  knowledge  of  the  standard  potential,  the  vol- 
tammetric  data  could  be  analyzed  for  the  kinetic  characterization  of  the 
heterogeneous  electron  transfer.  Both  the  transfer  coefficient,  a  ,  and  the 
standard  rate  constant,  k°,are  obtained  for  the  charge  transfer  process 
on  a  mercury  electrode  (Table  II) .  The  values  are  determined  by  making  use 
of  various  approaches,  obtaining  comparable  results. 

The  analysis  of  diphenylraethyl  phenylsulphide  was  complicated  by  the  pre¬ 
sence  of  the  self-protonation  step.  This  latter  presents  the  usual  treat¬ 
ments  of  the  experimental  data  to  be  made.  We  have  therefore  performed  the 
mathematical  analysis  of  the  mechanism  proposed  for  this  sulphide. 

The  fitting  of  the  experimental  data  with  the  theoretical  behavior  allo¬ 
wed  to  confirm  our  qualitative  indication  and  to  obtain,  also  for  this  com¬ 
pound,  the  kinetic  parameters  of  the  heterogeneous  electron  transfer,  as  well 
as  the  rate  constant,  kp,  of  the  self-protonation  reaction  (table  II). 

The  reduction  mechanism  for  the  three  sulphides  was  confirmed  by  carrying 
out  of  the  process  on  different  electrode  materials  (Pt  and  vitreous  carbon) . 
Ovei  these  electrodes  the  voltammetr ic  behavior  is  similar  to  the  one  shown 
on  Hg  and  also  the  kinetic  parameters  of  the  electron  transfer  are  the  sa¬ 
me  order  to  magnitude.  These  results  therefore,  evidence  the  independence, 
of  the  reduction  mechanism  of  the  electrode  material,  and  in  particular 
the  lack  of  interaction  of  the  sulphides  with  mercury. 


Fig.  1  -  Cyclic  voltammogram 
of  0  CS0  2  mM  in  DMF  ♦  TBAP 
0. 1  M.  v  =  40  Vs-1  T  =  25'C 


E/V*iSCE 
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TABLE  II 

03CS0 

E?  (V) 

1  -1  -1 
k*(M  1 s  l) 

S  -l  -1 

k“  (M  s  *) 

s,ex 

-1 .991 

1.9x10 

1 .9x10 

k(s~M 

5x10 

’fP  -1 

kel,aplc“  s  ) 

0.42 

3.0x10 

a 

0.43 

k  •  (ons"') 

61  -1  -1 
k  (M  s  L) 

P 

2.4x10 

02CHS0 

0CH2S0 

-2.341 

C 

-2.565 

c 

2.2xl05  8.7xl05 


2 . 8x10*  4.SX102 


9xl07 

2x10® 

0.47 

0.56 

8.4xlO~4 

l.SxlO-3 

0.48 

0.57 

9 . 7xlO~3 

3.0xl0-2 

SxlO4 
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HOMOGENEOUS  REDOX  CATALYSIS  OF 
ELECTROCHEMICAL  REACTIONS . 

CATALYTIC  REDUCTION  OF  SOME  SULFILIMINE 

L.GRIGGIO  and  M.G.SEVERIN 
Dipartimento  di  Chimica  Fisica,  Padova  (Italy) 


The  electrochemical  reduction  of  some  sulfonyl  derivatives  ^f  sulfili- 
mines  was  recently  investigated  in  DMF,  on  a  mercury  electrode  .  The  pro¬ 
cess  was  found  corresponding  to  an  irreversible  two-electron  uptake,  with 
cleavage  of  the  sulfiliminic  S-N  bond  as  the  main  pathway. 

Neither  quantitative  data  on  kinetic  and  thermodynamic  characteristcs 
of  the  electron  transfer,  nor  pieces  of  information  on  the  actual  reaction 
mechanism  could  be  obtained  by  study  on  the  heterogeneous  reactions.  The 
hypothesis  of  an  ECE  or  EC  Disp  sequence,  with  the  cleavage  taking  place 
at  the  level  of  the  primary  radical  anion,  was  suggested  by  analogy  with 
similar  irreversible  two-electron  reductions.  Even  the  presence  of  an  ele¬ 
ctron-withdrawing  substituent,  such  as  CN,  in  the  para  position  of  the 
sulphonyl  moiety,  cannot  give  direct  evidence  of  the  formation  of  a  pri¬ 
mary  one-electron  reduction  product*. 

This  intermediate  was  observed  only  in  conjunction  with  N02  susbtitu- 
tion2,  owing  to  its  well  known  radical  stabilization  property.  In  the  other 
cases,  one  can  anticipate  that  if  the  anion  radical  exists,  it  should  ha¬ 
ve  a  lifetime  less  than  ca.  10“5s. 

Recently  the  method  of  homogeneous  redox  catalysis  has  been  theoretical¬ 
ly  described  for  a  reduction  mechanism  similar  to  that  assumed3 .  The  method, 
based  on  the  reductive  process  taking  place  homogeneously  by  suitable  re¬ 
dox  couples  (catalyst  couples) ,  was  shown  to  allow  the  determination  of  the 
lifetime  of  very  short-living  reaction  intermediates'*,  when  their  chemical 
decay  (usually  a  bond  cleavage)  becomes  partially  rate-controlling.  In  dif¬ 
ferent  conditions,  the  method  can  be  used,  in  conjunction  with  classical 
treatments  of  solution  reactions  and  with  the  theories  on  electron  transfer 
reactions,  to  obtain  thermodynamic  and/or  kinetic  parameters  of  the  homo¬ 
geneous  electron  transfer3,  when  the  latter  is  the  rate  determining  step. 

We  report  in  this  communication  our  results  on  the  homogeneous  reduction 
studied  by  means  of  homogeneous  redox  catalysis,  as  well  as  on  the  electro¬ 
de  reduction,  for  three  sulf ilimines :  S ,S-diphenyl- (Sulf  I)  and  S,S-die- 
thyl-N-p-tosylsulf ilimine  (Sulf  II)  and  S ,S-diphenyl-N-p-cyanobenzene  sul- 
fonylsulf ilimine  (Sulf  III) . 

The  choice  was  made  with  the  purpose  of  clarifyirj  if  possible,  the  ef¬ 
fect  of  different  substituents  on  each  side  of  the  sulfiiimine,  from  the 
point  of  view  of  i)  stability  of  the  primary  anion  radical,  if  it  exists; 
li)  kinetic  and  thermodynamic  easiness  to  accept  one  (or  more)  electron. 

A  relevant  difference  among  the  three  compounds,  is  already  evident  in 
the  electrode  reaction.  The  heterogeneous  reduction  of  Sulf  III  is  shown, 
from  the  voltammetric  peak  potential  behaviour,  to  be  controlled  by  the 
first-order  step  following  the  charge  transfer,  while,  either  a  mixed 
control  by  the  chemical  reaction  and  the  electron  uptake,  or  perhaps  a  de¬ 
finitively  slow  charge  transfer  (with  a  transfer  coefficient  a  =  0.66)  is 
observed  for  Sulf  II.  The  latter  situation  is  also  valid  for  the  first 
sulfiiimine  (a  =  0.5).  The  different  behaviourcan  be  ascribed  either  to 
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a  faster  charge  transfer  to  the  CN  derivative  or  to  a  faster  decay  of  the 
supposed  anion  radical  intermediate  in  the  CH^  substituted  sulfilimines . 

As  regards  the  homogeneous  reduction  by  electrogenerated  charge  transfer 
reagents  (the  stable  anion  radicals  of  suitable  organic  molecules,  R) ,  it 
appears  always  controlled  by  the  electron  transfer  step: 


+  Sulf 


UL 


R  + 


fsulf] 

u 


(1) 


Products 


where  the  actual  formation  of  the 


[sulf]" 


intermediate  has  been  assumed  on¬ 


ly  for  simplicity  of  discussion:  the  electron  transfer  can  even  imply  the 
direct  passage  from  substrate  to  subsequent  products  (concerted  reaction) . 

Several  redox  couples,  have  been  used  with  each  sulfilimine.  The  rate 
constants  kj,  for  the  electron  exchange  (1)  have  been  obtained.  For  a  gi¬ 
ven  sulfilimine  they  depend  on  the  catalyst  standard  potential,  specifical¬ 
ly  they  decrease  as  the  potential  becomes  more  positive  in  agreement  with 
the  qualitative  expectation  of  electron  transfer  theories. 

The  dependence  of  the  log  of  kj  on  E°for  Sulf  I  and  partially  for  Sulf 
II,  is  not  linear.  However  a  straight  line  can  be  approximated  at  the  more 
positive  potentials.  A  linear  relationship  is  also  observed  in  the  case  of 
Sulf  III.  charge 

According  to  the  usual  scheme  for  solutionV transfer  reactions,  the  rate 
constant  could  obey  in  this  region  to  the  simplified  equation: 

lg  ki  =  lg  <E£-Eluif> 


(2) 


where  kd  is  the  value  of  the  rate  constant  for  a  bimolecular  reaction  con¬ 
trolled  by  the  reagent  diffusion  to  form  the  encounter  complex. 

The  approximate  expression  (2)  for  electron  transfer  rate  constants  cor¬ 
responds  to  a  thermodynamically  unfavoured  reaction,  whose  reverse  step  is 
diffusion  controlled.  By  assuming  a  typical  value  for  kd  in  DMF,  the  fitting 
of  experimental  data  with  equation  (2)  allows  one  to  determine  the  standard 
potentials  for  the  three  sulfilimines. 

For  Sulf  I  and  II,  this  knowledge  also  makes  possible  to  analyze  the  ele¬ 
ctrode  reaction  data.  If  the  heterogeneous  charge  transfer  is  assumed  as  ra¬ 
te  determining  for  both  compounds,  as  it  seems  likely  on  the  basis  of  the 
very  fast  following  reaction  (vide  infra) ,  in  addition  to  the  transfer  coef¬ 
ficients  also  the  standard  electron  transfer  rate  constants  can  be  evalua¬ 
ted6. 

The  values  for  the  two  compounds  are  rather  similar  to  each  other  and  of 
the  order  of  10"*  cm  s~*.  Indeed  the  fastness  of  radical  decay  must  play 
a  preminent  role  in  determining  the  electrode  process  as  controlled  by  the 
charge  transfer  step. 

As  regards  Sulf  III,  the  knowledge  of  its  standard  potential,  in  con¬ 
junction  with  the  electrode  behaviour  of  the  compound,  directly  makes  pos¬ 
sible  the  evaluation  of  the  life  time  of  the  anion  radical4,  which  results 
of  the  order  of  10-6  s. 

No  information  can  be  obtained,  on  the  rate  constants  of  anion  radical 
decay  for  the  other  two  substrates,  either  from  the  electrode  process  or 
from  the  heterogeneous  reduction,  which  is  never  under  partial  control  of 
the  step  following  the  charge  transfer.  This  fact  points  out  that  such 
chemical  reactions  are  extremely  fast,  greater  than  ca.  JO®  s~*. 

Such  a  large  value  obviously  raises  some  doubt  on  the  very  existence 
of  the  radical  anion  intermediate.  In  any  case  it  indicates  that  the  repla¬ 
cement  of  ethyl  with  phenyl  groups  in  the  sulfiliminic  moiety  does  not 
seem  to  greatly  influence  the  stability  of  the  reduced  form,  in  contrast 
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with  the  sensible  effect  of  a  CN  group  in  the  other  side  of  the  molecule. 
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ELECTROCHEMICAL  REDUCTION  OF  CEFUROXIME 

J.E.  COSANO,  J.L.  AVILA,  L.  CAMACHO,  A.M.  HERAS 
and  F.  GARCIA-BLANCO 

Department  of  Physical  Chemistry,  Faculty  of  Sciences, 
University  of  Cdrdoba  (Spain) 


In  this  work  we  have  carried  out  a  study  on  the 
electrochemical  behaviour  of  cefuroxime  (I),  an  antibiotic 
belonging  in  the  family  of  cephalosporines  C,  which  exhibits  a 
major  antibacterial  activity.  Such  a  study  has  been  performed 
in  buffered  aqueous  solutions  over  the  pH  range  2-12.  The 
concentration  was  20  p.p.m.  except,  obviously,  for  those 
experiments  involving  the  study  of  the  effect  of  this  variable; 
the  influence  of  the  concentration  was  analyzed  between  5-70 
p.p.m. 


The  study  has  been  carried  out  mainly  by  DC 
polarography  and  differential  pulse  polarography .  This  last 
technique,  on  account  of  its  sensitivity  and  selectivity,  has 
been  used  earlier  for  the  analysis  of  this  type  of  compounds 
(1-6  )  . 

The  limiting  current  of  the  main  wave  observed  by  DC 
polarography  is  virtually  pH- independent  .  We  must  indicate, 
however,  that  above  a  pH  of  approximately  b  the  ij  values 
obtained  are  not  very  reliable  since  the  wave  partly  overlaps 
with  the  discharge  of  the  supporting  electrolyte. 
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We  have  made  a  study  of  the  stability  of  dissolved 
cefuroxime,  finding  that,  for  a  period  of  at  least  2  h,  the 
limiting  current  does  not  appreciably  decrease  over  time  at  any 
of  the  pH  values  investigated. 

The  peak  current  remains  constant  with  the'pH  and 
shows  its  largest  value  at  very  acidic  pH,  progressively 
decreasing  with  increasing  pH,  until  reaching  a  value  of  50 
nanoamperes  at  about  pH  6  .  A  subsequent  new  increase  in  the 
peak  current  is  observed  at  more  basic  pH.  We  should  note  that 
these  variations  in  the  peak  current  are  accompanied  by  a 
chenge  in  peak  width  (the  smaller  the  intensity,  the  broader 
the  peak) . 

In  the  figure  is 

illustrated  the  variation  of  Ep 

the  peak  potential  with  the 
pH.  As  can  be  seen,  such  a 
variation  is  rather  complex 
and  involves  four  different 
segments:  a  first  one  with  a 
slope  of  -50  mV/pH,  between 
pH  0-4;  a  second  one  with  a 
slope  of  -180  mV/pH  between 
pH  4-0.5;  a  third  one  with 
a  very  steep  slope  (-245 
mV/plf)  between  pH  6. 5-8. 5 
and,  finally,  a  fourth  one  starting  at  pH  8.5,  above  which  the 
peak  potential  is  pH-independent . 

We  have  studied  the  effect  of  the  concentration  on 
the  peak  current  at  pH  3,  5  and  7,  finding  a  linear  variation 
which  allows  the  analytical  determination  of  cefuroxime  by 
differential  pulse  polarography ,  at  least  within  the 
concentration  range  investigated. 

The  data  from  the  i-t  curves  obtained  at  potentials 
corresponding  to  the  limiting  current  of  the  DC  po larographic 
curve  were  plotted  as  log  i  vs  log  t.  The  plot  obtained  were 
linear  in  every  case,  with  slopes  between  0.17-0.20,  which 
shows  that,  at  such  potentials,  the  reduction  process  is 
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controlled  by  the  depolarizer  diffusion. 

We  have  carried  out  the  logarithmic  analysis  of  the 
wave  between  pH  2-6,  finding  that,  in  every  case,  the  plot  of 
log  |i/(i,-i)|  vs  E  shows  more  than  one  segment,  the  slope  of 
the  first  of  these  increasing  with  the  pH  from  -SO  to  -70  mV, 
and  the  data  obtained  at  larger  overpotentials  conforming  to 
steeper  slopes  at  every  pH. 

The  electrochemical  behaviour  of  cefuroxime  is 
indicative  of  the  complexity  of  its  reduction  mechanism,  the 
kinetics  of  which  are  probably  affected  by  adsorption 
phenomena . 
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rcduct ion 
S  x  10-5  M 


reduct  ion 
pH  appear 
of  which, 

These  waves  are  diffusion-controlled  at  potentials  corresponding 
to  the  limiting  current,  as  is  evident  from  the  linear  variation 
of  log  ij  with  log  t,  with  a  slope  of  0.19.  This  has  allowed 
the  chronoamperometric  determination  of  the  number  of  the 
electrons  involved  in  the  overall  process,  finding  that  the 
reduction  process  corresponding  to  these  waves  are  both  one- 
el  cc  t  ron  . 

Both  waves  overlap  above  pH  7  due  to  the  faster  shift 
of  t he  more  anodic  wave  (a)  as  the  pH  increases.  The  height  of 
this  third,  composite  wave,  is  approximately  equal  to  the  sum 
of  the  heights  of  waves  (a)  and  (b) .  The  variation  of  the  half- 
wau-  potential  with  the  pH  for  the  three  waves  is  shown  in  Fig. 
1.  1  he  slope  of  the  linear  variation  of  F. ^  vs  pH  for  wave  (a) 

:  .i ;  •  p  i'o  \  i  iii. i  til'  -(>0  ir.Y/pli,  whereas  for  wave  tel,  such  a 


We  have  carried  out  a  study  on  the  electrochemical 
of  4 ,4-dimethyl-1 -phenyl-1 -penten-5-one  (I),  at  a 
concentration  in  a  Br itton-Robinson  medium. 

O  CH. 

(I) 


II  .  3 
C6H5-CH=CH-C-C-CH3 

ch3 


This  compound  shows  one  or  two  DC  polarographic 
waves,  depending  on  the  pH  of  the  medium.  At  acidic 
two  reduction  waves  (a)  and  (b) ,  the  limiting  current 
as  well  as  their  height  ratio,  is  pH-indep^ndent . 
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variation  is  -2S  mV/pH.  As 
regards  wave  (b) ,  and  as  can  be 
seen,  its  Ej  is  practically  pH-  j 
independent  at  more  acidic  pH, 
at  which  the  processes 
corresponding  to  waves  (a)  and 
(b)  appear  at  sufficiently 
distant  potentials.  Conversely, 
when  both  processes  occur  at 
very  close  potentials,  E ^  varies  somewhat  with  the  pH,  and  this 
apparent  variation  is  due,  to  our  mind,  to  the  difficulty  in 
measuring  such  close  waves  at  these  pH. 

As  regards  the  logarithmic  analysis,  wave  (a)  vields 
a  linear  variation  of  log  |i  ','/(_iL-i)|  vs  E,  with  a  slope  close 
to  -00  mV,  which  suggests  t*he  occurrence  of  a  determining  stage 
involving  a  heterogeneous  radical-radical  dimerization  (1).  At 
high  temperatures  or  for  high  ethanol  contents  in  the  medium, 
the  logarithmic  analysis  is  linear  for  a  plot  of  log| i2/3/(i -i)  | 
vs  E,  which  indicates  that,  under  these  conditions,  the 
dimerization  takes  place  in  the  reaction  layer,  since  the 
intermediate  radical  is  not  retained  over  the  surface  of  the 
e  lectrode . 

Ivave  (b)  yields  a  linear  plot  of  log  i  i/ ( i. -i ) ?/2  |  vs 
E,  with  a  slope  of  -60  mV,  which  would  be  in  agreement  with  the 
competition  between  the  incorporation  of  the  second  electron 
and  the  above-mentioned  radical-radical  dimerization  which,  at 
these  potentials,  would  take  place  in  the  reaction  layer  due  to 
the  intermediate  desorption. 

The  logarithmic  analysis  for  wave  (c),  in  the  form  of 
log  I  i/l'ij^-i)  |  vs  E,  is  linear  with  a  slope  of  -40  mV. 

As  regards  the  analysis  of  kinetic  parameters  at 
potentials  corresponding  to  the  foot  of  the  wave,  we  have 
determined  the  values  of  the  Tafel  slope  and  reaction  orders 
with  respect  to  (I)  and  the  H*  ion  for  waves  (a)  and  (c), 
finding  a  values  of  -30  mV  for  the  Tafel  slope  for  wave  (a)  and 
-10  mV  for  wave  ib>.  I h i *  last  yielded  a  reaction  order  of  I  and 
u  • (l  1 11  ill  und  II  ,  respectively,  whereas  wave  la)  provided  a 
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value  of  2  for  both  orders. 

We  have  recorded  differential  cpacity-potential  curves 
point  by  point  with  a  hanging  electrode,  both  in  the  presence 
and  in  the  absence  of  depolarizer.  Owing  to  the  low  working 
concentration,  the  capacity  only  cstahilizes  after  20  sec,  which 
shows  the  adsorption  to  be  diffusion-controlled.  The  capacity 
in  the  presence  of  depolarizer  is  always  less  than  that  of  the 
supporting  electrolyte  at  any  t  value.  This,  together  with  the 
fact  that  the  kinetic  aprameters  agree  with  the  theoretical 
ones  to  be  expected  in  the  absence  of  adsorption,  allows  us  to 
neglect  the  effect  of  the  adsorption  in  formulating  the 
mechanism . 

According  to  our  results,  we  propose  the  following 
mechanism  for  the  first  reduction  wave,  (a): 

j  1  |  A  ♦  e  — A 

1 2 1  A”  ♦  H*  AH' 

|  3  |  2  AH '  — —  D 

whereas  for  wave  (b)  the  process  takes  place  via  stages  |l|  and 
I  -  I  plus  stage  j  4  j ,  which  would  compete  with  step  | 3 1 : 

! 4 1  AH'  ♦  e  "  ==  AH" 

Finally,  the  process  corresponding  to  wave  (c)  would 
take  place  trough  stages  |l|,  j:|  and  | 4 | .  where,  in  this  case, 
step  1 4 1  is  an  irreversible  transfer  and  step  1 2 1  is  a 
protonation  in  the  reaction  layer  (2),  which  accounts  for  the 
semi-integer  order  in  the  H+  ion. 
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There  is  considerable  interest  in  the  chemistry  of  the  porphyrins 
owing  to  their  ubiquity  in  nature,  in  photosynthesis  and  in  respiration^. 
They  function  as  part  of  the  biological  electron  transfer  chain,  their  com¬ 
plexes  being  bound,  in  general,  to  proteins.  Much  about  these  compounds 
can  be  learned  from  the  study  of  the  porphyrin  molecules  themselves,  and  in 
particular  their  electrochemical  properties. 

Most  of  the  porphyrins  without  a  central  metal  ion  are  not  water 
soluble  and  consequently  have  been  studied  in  non-aqueous  media  such  as 
N ,N-d ime thy 1 f ormamid  e  (DMF)  or  acetonitrile  (ACN)  with  LPtraalkylammonium 
salts  as  supporting  electrolytes.  Variations  in  sox.ent,  supporting  elec¬ 
trolyte  and  so  forth  mean  that  there  are  often  differences  in  results 
between  authors.  Most  of  the  work  has  involved  use  of  the  mercury  elec¬ 
trode  2-4  partly  because  of  its  large  negative  potential  range,  thus 
enabling  the  study  of  Che  relation  between  the  porphyrin  (H2P)  and  its 
phlorin/chlorin  (H4P)  reduction  products,  and  partly  because  of  the  ease  of 
renewing  and  having  a  reproducible  electrode  surface,  obviating  unwanted 
surface  adsorption  complications.  The  study  of  the  metal  complexes  has 
been  directed  towards  correlating  half-wave  potentials  with  the  change  in 
electronic  properties  caused  by  the  central  metal  ion.  Oxidation  of  por¬ 
phyrins  cannot  be  investigated  at  mercury  electrodes:  some  work  has  been 
performed  at  platinum  rotating  electrodes^. 

As  part  of  a  project  to  investigate  further  the  redox  properties 
of  a  number  of  different  porphyrins  with  and  without  central  metal  ions, 
we  report  here  results  obtained  for  some  meso-tetraalkyl  porphyrins.  These 
compounds  have  not  been  investigated  in  the  past  due  to  very  low  synthetic 
yields;  however  modifications  in  the  synthesis  have  allowed  their  prepara¬ 
tion6.  DMF  solvent  was  used  with  supporting  electrolytes  of  tetraethyl 
ammonium  bromide  (TEAB) ,  tetrabuty lammonium  bromide  (TBAB) ,  and  tetrabutyl 
ammonium  perchlorate  (TBAP) .  Standard  procedures  were  used  to  ensure  the 
purity  of  all  chemical  compounds.  Electrodes  were  of  glassy  carbon,  which 
in  DMF  has  a  potential  range  of  approximately  -2.7V  to  +1.7V  vs  SCE,  ena¬ 
bling  both  oxidation  and  reduction  to  be  investigated.  Cyclic  voltansnetry 
and  the  rotating  disc  technique  were  employed. 

The  porphyrin  molecules  is  a  tetrapyrrolic  ring  as  shown  over¬ 
leaf  where  X-  represents  the  positions  for  mesq-  substitution.  In  this 
work  X  is  an  alkyl  group.  If  we  designate  the  porphyrin  molecule  H2P  then 
the  oxidation  -  reduction  scheme  can  be  written  as 


—  —  >  h2p  =  ,  H2P  ?='fi==S  H2P  - *  H2P 

^l/2^“,ox^  ^l/2^,ox^  ^i/2^l,red)  ^1/2^  *red) 
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The  cwo  reduction  steps  shown  are 
nearly  always  reversible  and  the 
first  is  often  used  to  characterise 
the  porphyrin.  Further  reduction 
steps  (not  shown)  do  occur  leading 
to  the  phlorin  or  chlorin  and  involve 
proton  abstraction  from  the  solvent. 
The  studies  performed  by  us  in% this 
work  involve  mainly  the  electron 
transfers  shown  in  the  above  scheme 
on  the  previous  page. 


X 


A  typical  cyclic  voltammogram  for  porphyrin  reduction,  in  this 
case  tetra-n-propyl  porphyrin  (TnPrP)  in  TEAB  supporting  electrolyte  is 
shown  in  the  figure,  which  demonstrates  the  reversible  nature  of  the  first 


cwo  reduction  steps.  Note  that  the  first  cathodic  scan  is  different  from 
the  following  scans,  in  particular  in  the  region  of  — 1.1V.  This  behaviour 
is  observable  only  with  bromide  containing  supporting  electrolytes.  Rota¬ 
ting  disc  experiments  confirm  the  above  observations.  Conclusions  can  be 
drawn  about  the  effect  of  supporting  electrolyte  on  the  electrode  surface. 
Pretreatment  of  the  glassy  carbon  is  also  very  important  in  determining 
the  electrode  response.  Results  for  other  raeso-tetraalkyl  porphyrins  will 
be  presented;  the  conclusions  are  broadly  similar.  Electrochemical  oxida¬ 
tion  studies  of  these  porphyrins  at  glassy  carbon  will  also  be  shown. 

Finally  comparison  is  made  with  results  obtained  at  mercury 
electrodes  and  with  results  obtained  with  meso-tetraphenyl  porphyrin. 
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It  has  been  evaluated  that  proton  exchange  (reactions  10  and 
13,  Scheme  2)  and  nucleophilic  substitution  (reaction  14,  Sche¬ 
me  2)  reactions  can  become  competitive  with  electron  exchange 
reactions  (reaction  3,  Scheme  1 )  in  homogeneous  redox  catalysis 
processes  due  to  the  indirect  reduction  (Scheme  1 )  of  bromoesters. 
Scheme  1 ; 

BrCH2(CH2)nCH2C02Et  +  e  - »  (BrCH2(CH2)nCH2C02Et)-t  E-,(1) 


A  +  e  - »  A-  E2  (E2  >  E,)  (2) 

BrCH2(CH2)nCH2C02Et  +  A-  - ¥  (BrCH2(CH2 )nCH2C02Et )-  ♦  A  (3) 

(BrCH2(CH2)nCH2C02Et)-  - ->  Br"  +  ‘CH2(CH2 )nCH2C02Et  (4) 

*CH2(CH2)nCH2C02Et  +  A- - »  “CH2(CH2 )nCH2C02Et  +  A  (5) 

•CH2(CH2)nCH2C02Et  +  e  - » ~CH2(CH2)nCH2C02Et  E3  (E3 >  E1 )  (6) 

"CH2(CH2)nCH2C02Et  +  BrCH2(CH2)nCH2C02Et  - > 

- >  CH3(CH2 )nCH2C02Et  +  BrCH2(CH2)nCHC02Et  (7) 

BrCH2(CH2)nCHC02Et  - >  Br"  +  CH2(CH2 )nCHC02Et  (8) 

"CH2(CH2)nCH2C02Et  +  BrCH2(CH2 )nCH2C02Et  - ¥ 

- ¥  Br"  +  (CH2(CH2)nCH2C02Et)2  (9) 

£1=  0,1,2.  A:  catalyst,  9,10  diphenylanthracene} 


Electrochemical  data  have  been  correlated  with  the  results  of 
the  analyses  carried  out  in  solution  during  and  at  the  end  of 
the  catalytic  reduction  processes. 

Thus,  the  conditions  at  which  the  indirect  reduction  of 
bromoesters  (RX)  occurs  as  a  pure  catalysis  process,  i.e. 
with  no  consumption  of  the  catalyst,  can  be  deduced  from  the 
curvec  of  Figure  1 . 
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Scheme  2: 

A-  +  BrCH2(CH2)nCH2C02Et  — +  *AH  +  BrCH2(CH2 )nCHC02Et  (10) 

*AH  +  e  - - — ►  AH"  (11  ) 

*  AH  +  A-  - >  AH"  +  A  (12) 

AH"  +  BrCH2(CH2)nCH2C02Et  - ►  AH2  +  BrCH2(CH2)nCHC02Et  (13) 

A-  +  BrCH2(CH2)nCH2C02Et  - ►  * ACH2(CH2)nCH2C02Et  +  Br"  (H) 

*ACH2(CH2)nCH2C02Et  +  e  - »  "ACH2(CH2 )nCH2C02Et  (15) 

'ACH2(CH2)nCH2C02Et  +  A-  - »  "ACH2(CH2)nCH2C02Et  +  A  (16) 

-ACH2(CH2)nCH2C02Et  +  BrCH2(CH2)nCH2C02Et  - > 

- ►  AKCH2(CH2)nCH2C02Et  +  BrCH2(CH2)nCHC02Et  (17) 

(n=  0,1,2.  A:  catalyst,  9,10  diphenylanthracene ) 

It  results  that  for  Co*5.0  x  10"3  M  and  C^>5.0  x  10"  3  M, 
yi>1.0,  for  Ci];>7.8  x  10"3  M;£n>1  .56,  and  for  C^fQ.25  x  10"3 

H  /in^1  • 

For  Rvalues  lower  than  the  above  ones,  the  reduction  of  RX 
goes  with  a  decrease  of  the  catalyst  concentration,  thus  occurring 
as  an  incomplete  catalysis.  These  results  show  that  the  reduction 
of  RX  is  affected  by  both  the  catalyst  and  the  substrate  concen¬ 
tration.  Indeed,  the  decrease  in  the  substrate  concentration  al¬ 
lows  the  proton  exchange  (10)  and  the  substitution  (14)  reactions 
to  compete  with  the  electron  exchange  one  (3). 

The  hypothesis  that  the  catalyst  (9,10  diphenylanthracene)  is 
dihydrogenated  by  the  substrate  according  to  a  DISP?  mechanism  is 
in  agreement  with  t 
Scheme  3? 

A  + 

A-  + 

AH’  + 

AH"  + 

AH*  + 
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The  electrochemical  cleavage  of  carbon-halogen 
bonds  in  vicinal  and  geminal  polihalides  compounds  generally 
proceeds  in  a  two-electron  stepwise  mechanism.  The  reduction 
of  vicinal  polihalides  affords  the  corresponding  olefinic  pro¬ 
ducts  whose  formation  has  been  rationalized  through  a  concerted 
or  an  ionic  mechanism1 . 

When  cathodic  reduction  of  geminal  polihalides  are 

effected  in  aprotic  solvents,  monomeric  and  dimeric  products  are 
2 

obtained  .  These  products  can  be  explained  as  derived  from  anio¬ 
nic  intermediates  though  evidences  were  obtained  of  carbenes 
and/or  radical  anions  in  the  reduction  of  gem-halides  . 

We  have  previously  reported  the  electrochemical  re¬ 
duction  of  <rt-haloketones  in  dry  dimethylformamide  and  metha- 

g 

nol  .  In  this  communication  we  report  the  cathodic  reduction  of 
dihaloketones  in  aprotic  medium. 

We  have  carried  out  the  reduction  of  °<-{?-dibromo- 
P-phenylpropiophenone  (1)  in  dry  dimethylf ormamide  using  contro¬ 
lled  potential  electrolysis  of  -0.8  V  vs  SC E  and  a  mercury  pool 
cathode.  The  charge  consumed  was  2  F.mol-1  and  the  product  ob¬ 
tained  was  benzalacetophenone  (2).  These  results  suggest  that 
the  electrochemical  behaviour  of  this  dihaloketone  is  similar 
to  the  one  of  the  others  vicinal  dihalides. 

Ph-CO-CHBr-CHBr-Ph  - *  2<?  ■  -  Ph-CO-CH=CH-Ph 


(1) 


DMF 


(2) 
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On  the  other  hand,  we  report  the  cathodic  reduction 
of  a  geminal  dihalide  what  shows  a  different  electrochemical  be¬ 
haviour  . 

The  electrolysis  of  dibenzoyldibromomethane  (3) 
was  carried  out  in  dry  dimethylformamide  using  a  mercury  pool 
as  the  cathode  and  with  a  controlled  potential  of  0,0  V  vsSCE. 

A  white  solid  was  isolated  from  the  catholyte  and  it  was  charac¬ 
terized  as  the  dibenzoylbromomethane  (4). 

l)Electrolysis 

Ph-C0-CBr_ -CO-Ph  -1-.  - -  Ph-CO-CHBr-CO-Ph 

2  2)  H20 

(3)  (4) 


The  electron  consumption  (1  F.  mol  *)  and  the  na¬ 
ture  of  the  electrolytic  product  involve  a  radical  mechanism. 
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SYNTHESIS  OF  3 , 6-DIARYLPYRIDAZ INES  FROM  PHENACYL  BROMIDES 

F.  BARBA,  M.D.  VELASCO  ,  A.  GUIRADO  and  N.  MORENO 
Department  of  Organic  Chemistry,  University  of  Murcia 
Murcia,  Spain 


Aryl  substituted  pyridazines  can  be  obtained  by 

cyclization  from  unsaturated  or  saturated  1,4-diketones  and  hy- 
12 

drazine  '  .  Semicarbazide,  thiosemicarbazide  and  aminoguanidine 
have  been  used  instead  of  hydrazine^. 

We  report  a  facile  method  for  the  synthesis  of 
3 , 6-diarylpyridazines  starting  from  more  simple  and  available 
materials  than  unsaturated  or  saturated  1,4-diketones. 

The  cathodic  reduction  of  phenacyl  bromides  se- 
micarbazones  in  dry  dimethylf ormamide  lead  to  the  1,4-diaryl- 
1 , 4-butanedione  disemicarbazones  in  quantitative  yields.  The 
heating  of  the  electrolytic  products  give  the  3 , 6-diarylpyri¬ 
dazines  in  high  yields. 
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ANODIC  OXIDATION  01  l-)-*C-PINENE 
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1.  BARBA 
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(-)-«c  -pir.erie,  (-M ,  -40  (c=1.13,CHC13 )  was  anodicai  ly  oxidi- 

zea  at  constant  current  (i=119  A/m2)  on  graphite  paste  electrode  in  a  ncr.- 
divided  the rmostatized  cell  (23  8C )  with  magnetic  sitirring. 

Electrolysis  was  carried  with  diflerent  solvent-supporting  electrolyte 
system  (SSE).  The  solution  was  electrolyzed  until  a  charge  of  21 /mol  star¬ 
ting  product,  was  sent  through- 

lor  the  SSE  TH1  il^OiHClO^  60%  (175:80:1  weight)  the  oxidation  pro¬ 
ducts  were:  )pino.. ,2;  (Ocis  carved, 3;  (dtrans  carveoj.,4;  arid  (‘  )  sms 

sobrerol,5,  with  material  yield  of  16,5,15  arid  12%  respectively. 


lor  the  SSE  THf :H20:Na(  10^ 1130:5:2  weight)  the  products  obtained, 
it  the  same  experimental  condi tions.were  the  same  as  before  but  the  yields 
charged  lightly  16,4,12  and  13%  respectively.  When  tht  SSE  w as  TH1 :NaOH  5% 
V 8 : 1  weight)  the  yields  were  10,3,7  and  8%. 

Ali  the  products  were  identified  by  their  specua  of  IR,  1WR,  MS  ar.d 
by  ;ts  rotatory  power,  these  were  the  same  as  those  described  ir.  the  bi- 
Oi lugraphy  1  • 2  • 3  • 4 . 
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A  logical  reaction  route  would  be  the  one  described  in  schemes  1-3. 
This  route  is  based  on  the  previous  routes  described  in  the  bibliography 
2.5.6  and  on  the  products  obtained. 

Firene  is  thus  oxidized  to  give  a  cation  radical  6  which  by  breaking 
and  reanrragemer.t  gives  7.  Scheme  1. 


7,  after  being  attacked  by  H20  and  having  lost  a  HjO'is  oxidized  to 
8a  arid  9a.  This  conpour.d  gives  (  +  )4  and  (-)5.  The  formation  of  (  +  )4  is 
explained  by  deprotonatior.  of  9a  and  the  formation  of  (-)5  by  attack  of 
n jO  and  the  loss  of  HjO".  8a  gives  )3  and  (-)2  in  the  proportion  1:3 
(cis  carve  ol/trar.s  carveoi).  This  proportion  can  be  explained  by  the  cis 
structure  of  the  groupes  hvdro*' l  and  isopropyl. 
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7  can  aisc  givt  the  enantiomtrs  8o  and  9b  vrtiich  in  the  samt  way  as  be¬ 
fore  give  the  enantiomers  (-)4,  (■*  )2,  (-)3  and  (-05. 

All  chest  facts  can  explain  the  obtention  of  racemic  products  (1)4, 
(_)2,(i)3  and  (1)5. 
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ELECTRODIMERIZATION  OF  BENZOPHENONE  ON  MERCURY  ELECTRODE 

MANUEL  BLAZQUEZ.  JOSE.  M.  RODRIGUEZ-MELLADO  and  JUAN  J.  RUIZ 
Departamento  de  Quimica  Fisica,  Facultad  de  Ciencias, 
Universidad  de  Cordoba,  14005  Cordoba  (SPAIN) 


INTRODUCTION 

The  reduction  mechanisms  corresponding  to  the  •first 
reduction  wave  of  aromatic  carbonyl  compounds  have  been 
extensively  studied  and  are  assumed  to  occur  through  the 
following  scheme: 

R-CO-R'  +  H*.e  -->  R-COH-R’  — >  j  R2COH-COHR' 

To  the  elucidation  of  this  mechanism  has  greatly 
contributed  the  derivation  of  explicit  theoretical  expressions 
for  the  waves  carried  out  by  Mai r anovski i  1  and  Laviron^  on  the 
basis  of  the  reaction  l aver  theory.  These  equations  have  been 
applied  to  several  carbonyl  compounds.  However,  these  studies 
have  not  yet  been  applied  to  the  reduction  process  of 
benzoohenone. 

On  the  other  hand,  Mairanovskii  and  Laviron  indicate 
that  the  deviations  from  the  general  behaviour  observed  by 
Suzuki  and  El vinq  3  in  the  case  of  benzophenone  are  due  to  the 
use  of  unappropiate  experimental  conditions  and  to  analysis 
criteria  unaplicable  under  these  experimental  conditions. 
These  comments  lead  us  to  think  it  advisable  to  reinvestigate 
the  el ectrodi mer i zati on  process  of  this  compound  following  the 
suggestions  of  these  authors  on  the  experimental  conditions  to 
empl oy . 


RESULTS  AND  DISCUSSION 

The  effect  of  pH,  benzophenone  concentration,  drop 
time  and  ethanol  content  on  the  pol arographic  and  kinetic 
parameters  of  the  first  wave  is  studied.  In  the  zone  where  the 
ethanol  content  is  low  (0-10X)  and  the  benzophenone 
concentration  is  very  low  (<6. 10“5m> ,  the  experimental  data 
seem  to  conform  equation  (1>  roughly: 


E 


RT 
*  2  F 


In 


.  2 
k3C  CH 


(  i  ) 


derived  for  a  ei ec t r od l mer 1 z at i on  at  the  interface. 

Thus.  the  Ei  vs.  log  c  plots  are  linear,  with  slopes 
(70-40  mV).  (close  to  the  theoretical  value  (30  mV) >  and  the 
logarithmic  analyses,  i.e.  the  E  vs.  log  (ii/(iT-i>)  plots  are 
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linear,  with  a  slope  of  -65  mV,  (also  close  to  the 
theoretical  value  (-59  mV) ) .  However,  the  slope  of  the  linear 
EJ  vs.  log  t  plot,  42  mV,  is  much  greater  than  the  theoretical 
value  (15  mV).  This  divergence  could  be  due  to  the  fact  that 
equation  < 1 ) vhas  been  derived  by  assuming  that  the  depolarizer 
is  not  adsorbed  on  the  mercury  electrode,  whereas  the  C-E 
curves  indicate  that  when  the  ethanol  content  is  very  low, 
benzophenone  is  indeed  adsorbed  on  the  electrode  surface. 

On  the  other  hand,  when  the  ethanol  content  is  greater 
than  50*/.,  the  experimental  data  conform  equation  (2) 
per f ect 1 y : 


E 


1D"1  RT 
±2/i  *■  3F 


In 


3itk^tc  cH 

7iDK? 


(2) 


der i ved 


for  a  electrodimerization  in  the  reaction  layer. 

Thus,  the  E}  vs.  log  c  and  log  t  plots  are  linear, 
with  slopes  of  18-20  mV,  which  coincide  with  the  theoretical 
value  (20  mV).  Moreover,  the  E  vs.  log  (i2/V  (i^-i )  )  plots  are 
linear,  with  slopes  of  -58  mV. 

These  data,  together  with  the  C-E  cu.  •-»*  which  show 
that  for  ethanol  contents  greater  than  50/1  the  adsorption  of 
benzophenone  is  negligible,  indicate  that  the  reduction 
process  takes  place  in  the  homogeneous  phase. 

Finally,  when  the  ethanol  content  is  lowland  the 
benzophenone  concentration  is  greater  than  10  M,  the 

experimental  results  show  an  anomalous  behaviour.  Thus,  the  EJ 
vs.  log  c  and  log  t  plots  are  linear  up  to  a  certain  value, 
over  which  a  discontinuity  can  be  observed.  Likewise,  the 
analyses  are  not  linear.  These  facts  were  observed 
in  the  reduction  of  some  aromatic  aldehydes  and 

by  this  author  to  the  formation  of  an  insoluble 

of  pinacol  at  the  electrode  surface  in  the  curse 

of  the  reduction  process.  This  possibility  was  also  considered 
by  Suzuky  and  Elving  in  the  reduction  of  benzophenone  on  a 

dme.  This  insoluble  film  layer  exerts  an  inhibiting  effect  on 

the  process  by  decreasing  the  available  Surface  of  the 
electrode.  When  the  ethanol  content  increases,  the  critical 
values  of  c  or  t  also  increase  due  to  the  increasing 
solubility  of  benzopinacol .  Thus,  the  "transition 
concentrations"  are  5. 10“5,  1.3. 10-^  and  >8. 10~^M  for  ethanol 
contents  of  0,  10  and  807.  respectively.  Likewise,  when  the 

benzophenone  concentrati on  is  6. 10~^M.  the  "transition  drop 
times"  are  5  and  >6.3  s  for  ethanol  contents  of  10  and  80% 
respectively,  whereas  for  a  benzophenone  concentration  of 
2. 10~^M,  the  correspond i ng  time  values  are  1.6  and  >6.3  s, 
respect i vel  y . 


1  agar i thmic 
by  Laviron 
attributed 
film  1 ayer 


On  the  other  hand,  the  anomalous  shape  of  the  i -t 
curves  obtained  when  the  ethanol  content  is  very  low,  together 
with  tne  characteristics  of  the  C-E  curves,  indicate  that, 
under  these  experimental  conditions,  the  el ectroreducti on 
process  occurs  in  heterogeneous  phase. 

The  experimental  values  of  the  kinetic  parameters 
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determined  at  potentials  corresponding  to  the  foot  of  the  wave 
confirm  the  conclusions  drawn  from  the  polarographic  data, 
that  is,  they  are  in  agreement  with  the  above  theoretical 
expressions.  Thus,  the  value  of  Tafei  slopes  shifts  from  -30 
to  -39  mV  as  the  ethanol  content  increases  from  0  to  505C. 
These  limiting  values  concide  with  the  theoretical  ones. 
Likewise,  the  reaction  orders  with  respect  to  benzophenone 

and  H+  ion  shift  from  2.0  to  1.5  over  the  same  ethanol 
percentage  range,  in  agreement  with  those  theoretical  1 y 
predicted. 

From  all  aforementioned  results  we  can  conclude  that 
the  el ectroreducti on  process  correspondi ng  to  the  first 
reduction  wave  of  benzophenone  occurs  via  the  following 
reaction  kinetic  pathway: 


♦  ♦  1 

==»  O-COH-0  -  -  <f> 2~C OH-COH-^ 

When  the  ethanol  content  is  very  low.  this  process  takes  place 
on  the  electrode  surface  and  the  step 

l<6-c°-|tL1  =  iV-c'M'L, 

must  be  formulated  as  the  previous  one.  Moreov  if  the 
benzophenone  concentration  is  high  enough.  benzopinacol  can 
form  an  insoluble  film  layer,  thus  partialy  inhibiting  the 
electrode  process. 

On  the  other  hand  when  the  ethanol  content  is  greater 
than  50'/l,  its  molecules  completely  cover  the  electrode  surface 
preventing  the  adsorption  of  benzophenone.  Likewise,  the 
solubility  of  benzopinacol  in  these  media  hinders  the 
formation  of  the  film  layer  at  the  electrode  surface  and  for 
these  reasons,  the  electroreduction  process  must  be  considered 
as  homogeneous. 
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INTRODUCTION 

1-3 

In  previous  papers  the  electrochemical  oxidation  of  2,4,6-tribro- 
aoaniline  and  2,4-dibromoaniline  in  aqueous  sulphuric  acid  solutions,  at  a 
platinum  electrode,  has  been  studied  by  rotating  disk  electrode  (RDE),  cy¬ 
clic  voltammetry  (CV)  and  controllad-potential  electrolysis.  These  products 
undergo  two  consecutive  oxidation  processes.  The  first  one  always  leads  to 
the  formation  of  the  corresponding  Q-benzoquinone  derivative,  although  for 
2,4,6-tribromoaniline,  a  met  a  dimer  was  also  obtained  as  final  product. 

To  gain  a  better  understanding  of  the  electrochemical  oxidation  of  Q- 
bromoanilines  in  acid  medium,  we  now  report  results  on  the  voltammetric  be¬ 
haviour  of  2,4-dibromo-6-methylaniline  solutions  in  different  aqueous  sul¬ 
phuric  acid  media,  at  a  platinum  electrode,  using  RDE  and  CV. 

EXPERIMENTAL 

The  2,4-dibromo-6-methylaniline  was  synthesized  by  bromination  of 
2-methylaniline  (Merck)  in  glacial  acetic  acid.  All  solutions  were  prepared 
with  water  obtained  from  a  Millipore  Mill!  Q  system. 

The  employed  instrument  was  a  standard  equipment  consisting  of  an  Anal 
551  potentiostat,  a  P.A.R.  175  universal  programmer  and  a  Philips  PM  8043 
X-Y  recorder.  Voltammetric  experiments  were  carried  out  in  a  Tacussel  XLRC 
cell  under  nitrogen.  The  temperature  was  kept  at  25.0*C.  A  Hg/Hg^SO  (aque¬ 
ous  saturated  K.SO^)  was  used  as  reference  electrode  and  a  Pt  wire  as  auxi- 
liar  electrode.  The  Pt  working  electrode  was  a  Tacussel  EDI,  and  its  rota¬ 
ting  speed, <u ,  was  regulated  by  a  Controvit  from  Tacussel. 

Solutions  of  aniline  (1.0  mM)  in  sulphuric  acid  media,  at  an  acid  con¬ 
centration  range  between  4.0  and  12.0  M,  were  studied. 

RESULTS  AND  DISCUSSION 

Figure  1  shows  the  RDE  voltammograms  corresponding  to  the  oxidation  of 
1.0  mM  2,4-dibromo-6-methylaniline  solutions  at  several  sulphuric  acid  con¬ 
centrations.  Two  different  oxidation  waves  can  be  observed  depending  on  the 
acid  concentration.  In  solutions  of  c  ..  <  6.0  M,  only  one  single  wave  (I) 
was  found.  At  higher  acid  concentratiSRs?  a  second  oxidation  wave  (II) 
appeared  at  higher  potential  values.  This  wave  shifted  with  increasing  acid 
concentration  to  less  positive  potentials.  Table  1  summarizes  RDE  results 
obtained  at  a  «u  value  '  of  16  rps.  The  first  wave  was  always  diffusion  con¬ 
trolled  with  a  half-wave  potential,  &,,,  value  comprised  between  0.92  and 
0.95  V  vs  SCE  under  all  experimental  conditions.  The  second  wave  is  also 
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TABU  1 

ROE  oxidation  raaulta  of  1.0  aM  2,4-dibro*o-6-«ethylaniline  solutions  in 
sulphuric  acid  at  diffsrsnt  concentrations ,  w  ■  16  rps,  v  ■  5  aV.s . 


ch2so4/m 

7 

Wave 

El/2/V 

Xl./»* 

l  ^75- 

tl,a*c 

etn 

4.0 

2.11 

I 

0.92 

13.6 

19.7 

1.14 

5.0 

2.46 

I 

0.93 

12.2 

19.1 

1. 10 

6.0 

2.98 

I 

0.93 

11.0 

19.0 

1.03 

II 

1.26  , 

9.2 

15.9 

0.86 

7.0 

3.71 

I 

0.94 

9.3 

17.9 

1.14 

II 

1.25 

8.2 

15.8 

0.88 

8.0 

4.63 

I 

0.93 

8.0 

17.2 

0.97 

II 

1.23 

7.9 

17.0 

0.91 

9.0 

5.70 

I 

0.95 

5.9 

14.1 

1.07 

II 

1.21 

5.3 

12.7 

1.02 

10.0 

7.01 

I 

0.95 

5.0 

13.2 

0.93 

II 

1.20 

3.5 

9.1 

0.95 

11.0 

8.81 

I 

0.95 

4.3 

12.8 

0.94 

II 

1.19 

3.2 

8.5 

0.92 

Fig.l.-  ROE  voltaamograms  corresponding 
to  the  oxidation  of  1.0  mM  2,4-dibromo- 
-6-aethyl aniline  solutions  in  salphorio 
acid  at  concentration:  1)  4.0  M;  2)  6.0  M; 
3}  10.0  M,iD  ■  16  rps,  v  ■  5  mV.s  . 


diffusion  controlled  up  to  11.0 
M  sulphuric  acid,  whereas  it  is 
kinetically  controlled  at  higher 
acid  concentrations  when  u»  36 
rps.  Corrections  for  viscosity 
are  also  presented  in  table  1 
and  their  values  indicate  that 
most  of  the  observed  decrease 
in  anodic  limiting  current  of 
all  waves  is  due  to  an  increase 
in  viscosity  of  the  reaction 
medium.  Under  diffusion  control 
«n  products  for  waves  I  and  II 
were  always  close  to  unity. 

In  a  given  solution  cyclic 
voltammograms  of  2,44ibromo-6- 
methylaniline  exhibit  one  peak 
for  each  oxidation  process  (0  , 

0  )  observed  in  ROE  voltammetry. 
Peak  potentials  of  sll  anodic 
peaks  shifted  to  more  positive 
values  when  v  increased.  This 
fact  suggests  that,  under  diffu¬ 
sion  control,  both  oxidation 
processes  are  irreversible.  Two 
additional  redox  pairs 
0_/R_)  were  observed  in  tne  cy¬ 
clic  voltammograms  made  up  to 
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peak  0.,  as  can  ba  saan  In  fig.  2. 
Peak  potentials  of  0 . ,  R  ,  0.  and 
R_  ware  always  of  0.54,  0.51;  0.43 
and  0.40  V  va  SCE  respectively.  The 
0./R.  pair  predominated  over  the 
ot/fC  one  as  long  as  either  acid 
concentration  or  v  increased.  This 
indicates  that  the  product  formed 
in  the  peak  0.  and  reduced  in  peak 
R^is  hydrolysed  to  give  the  com¬ 
pound  reduced  in  peak  R^,  decrea¬ 
sing  its  hydrolysis  rate  when  the 
acid  concentration  or  v  rises.  Then 
the  04/RApair  can  be  attributed 
to  a  a-b  a  nzoqui  none  i»ine/a.-s*l  no¬ 
phenol  system,  whereas  the  0_/R, 
to  a  g-benzoquinone/hydroquinone 
system.  In  addition,  another  reduc¬ 
tion  peak,  R.,  was  also  found  (see 
fig. 2).  Its  potential  peak  shifted 
with  increasing  acid  concentration 
to  less  positive  values.  This  peak 
can  be  ascribed  to  the  reduction 
of  the  bromine  formed  by  oxidation 
of  the  bromide  anion  ejected  from 
the  g-benzoquinoneimine  formation. 

According  to  the  experimental 
results,  the  protonated  form  of  the 
Initial  compound  is  the  electroac¬ 
tive  species.  Assuming  *■  0.5/  this 
species  is  initially  oxidized  in 
a  two-electron  tranfer  to  give  a 
trication.  This  reaction  is  the 
rate-determining  step  of  the  first 
process.  The  resulting  trication 
is  hydrolysed  to  form  the  g-benso- 
quinoneimine  losing  a  bromide  ion 
which  is  further  oxidized  to  bro¬ 
mine.  The  hydrolysis  of  this  last 
compound  leads  to  the  formation  of  g-benzoquinone  derivative.  The  lose  of 
protons  from  the  benzenic  ring  of  the  trication  initially  electrogenerated 
originates  the  eleetroactive  species  of  the  second  process.  This  last  spe¬ 
cies  undergoes  an  initial  two-electron  oxidation,  this  reaction  being  the 
rate  determining  step  of  the  second  oxidation  process  under  diffusion 
control . 


Fig. 2.-  Cyclic  voltamoograma  corres¬ 
ponding  to  the  oxidation  of  1.0  mM 
2,4-dibromo-6-methylaniline  solution 
in  11.0  H  sulphuric  acid  at  different 
v  values :,1)  10;  2)  20;  3)  50  and  4) 
100  aV.s  .  Starting  potential  0.1  V; 
first  reversal  potential  1.0  V  and  se 
cond  reversal  potential  0.1  V. 


REFERENCES 

1.  E.  Brillaa,  J.M.  Costa  and  E.  Pastor,  J.  Electroanal.  Chem. ,160(1984)185. 

2.  E.  Bril las,  J.N.  Costa  and  E.  Pastor,  An.  Qufm.,  79A  (1983)  211. 

3.  S.  Arias  and  E.  Brillaa,  Electrochim.  Acta,  in  press. 


13250 
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INTRODUCTION 

The  electrochemical  oxidation  of  haloanilinea  in  sulphuric  acid  medium 
leads  to  the  formation  of  a  variety  of  products  “.  Hand  and  Nelson  have 
shown  that  for  orto-  and  meta-anilines,  the  corresponding  quinone  derivati¬ 
ve  is  the  main  reaction  product.  In  previous  works  ,  we  have  studied  the 
electrochemical  oxidation  of  2,4,6-tribromoaniline,  2-bromo— 4,6-dichloroani 
line  and  2,6-dibromo-4-chloroaniline  solutions  in  several  aqueous  sulphuric 
acid  media,  at  platinum  electrode,  using  rotating  disk  electrode  (RDS)  and 
cyclic  voltammetry  (CV).  The  first  oxidation  process  of  all  these  compounds 
is  found  to  be  irreversible,  leading  to  the  corresponding  £-benzoquinone  as 
resulting  product.  ” 

This  communication  reports  on  the  oxidation  voltammetric  behaviour  of 
2 , 4-di bromo-6— chlor oani line  and  4-bromo-2,S-dichloroaniline  in  aqueous  solu 
tions  containing  sulphuric  acid  at  concentration  higher  than  4.0  M.  The  re^ 
action  mechanisms  of  both  compounds  are  proposed  on  the  basis  of  the  RDE 
and  CV  results  obtained. 

EXPERIMENTAL 

The  2,4-dibromo-6-chloroaniline  and  4-bromo-2,6-dichloroaniline  were 
synthesized  by  bromination  of  2-chloroanlline  (Merck)  and  2,6-dichloroanili 
ne  (Merck)  respectively.  All  solutions  were  prepared  with  concentrated  suX 
phuric  acid  (Merck,  A.R.  grade)  and  water  obtained  using  a  Millipore  MlllI 
Q  system.  The  voltsmmetric  measurements  were  carried  out  with  an  Anal  551 
potentiostat,  a  P.A.R.  175  universal  programmer  and  a  Philips  PM8043  X-Y  re 
corder.  The  experiments  were  conducted  in  a  three-electrode  cell.  A  SCE  was 
used  as  reference  electrode  and  a  Pt  wire  aa  auxiliar  electrode.  The  plati¬ 
num  working  electrode  was  a  Tacussel  EDI. 

Solutions  of  anilines  (1.0  mM)  in  sulphuric  acid  media,  at  an  acid  con 
centratlon  range  between  5.0  and  15.0  M,  ware  studied.  The  temperature  was 
kept  at  25.0*0. 

RESULTS  AND  DISCUSSION 

RDE  voltammograms  recorded  for  the  two  studied  anilines  display  even 
two  consecutive  oxidation  waves,  depending  on  the  medium  used  (see  fig.l). 
At  acid  concentration  lower  than  9.0  M,  only  one  single  wave  (I)  was  found, 
whereas  at  higher  acid  concentration,  a  second  oxidation  wave  (II)  was  also 
observed  at  more  positive  potentials.  RDE  results  obtained  for  4-bromo-2,6- 
-dichloroaniline  solutions  at  a  rotating  speed,  «,  of  16  rps  are  suaatarized 
in  table  1.  The  first  wave  of  both  anilines  was  always  diffusion  controlled 
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TABU  1 

RDS  oxidation  raaulta  of  1.0  ad  4-bromo-2,6-diehloroaniline  solutions  in 
aulphurie  acid  at  different  concantrationa,  u>  -  16  rpa,  v  •  5  aV.a  . 


ch2so4/m 

7 

Wave 

*l/2/V 

HH 

efn 

5.0 

2.46 

I 

1.01 

9.4 

15.0 

0.94 

6.0 

2.98 

I 

1.01 

9.1 

16.4 

0.96 

7.0 

3.71 

X 

1.02 

8.3 

15.8 

1.03 

8.0 

4.63 

I 

1.03 

7.1 

15.0 

1.01 

9.0 

5.70 

I 

1.03 

6.1 

14.7 

0.98 

IX 

1.46 

6.7 

16.1 

0.76 

10.0 

7.01 

I 

1.05 

5.6 

15.1 

1.05 

IX 

1.45 

6.2 

16.7 

0.78 

11.0 

8.81 

X 

1.04 

5.1 

15.8 

1.04 

XX 

1.44 

5.5 

17.1 

0.81 

12.0 

11.75 

X 

1.06 

3.5 

11.9 

1.01 

II 

1.42 

3.1 

12.3 

0.94 

13.0 

15.70 

I 

1.04 

3.1 

12.3 

1.03 

IX 

1.40 

2.4 

9.6 

1.01 

14.0 

19.55 

I 

1.06 

2.8 

12.1 

1.04 

IX 

1.39 

1.7 

7.3 

1.02 

15.0 

23.40 

I 

1.05 

2.4 

11.5 

0.92 

II 

1.36 

1.3 

6.2 

1.03 

with  a  half-wave  potential,  Ej,,  va 
lues  compriaed  between  1.01?  and 
1.06  V  vs  SCE  under  all  experimen¬ 
tal  conditions.  The  second  one  is 
shifted  to  less  positive  potenti¬ 
als  with  increasing  acid  concentre 
tion.  The  gradual  decrease  in  liai 
ting  current,  X.  ,  with  rising 
acid  concentratJTdbf  (see  table  1) 
is  primordiarly  due  to  the  progre¬ 
ssive  increase  in  viscosity  of  the 
reaction  medium,  n. 


Flg.l.-  ROE  voltammograms  corres¬ 
ponding  to  the  oxidation  of  1.0  aN 
4-bromo— 2 , 6-dichloroaniline  solu¬ 
tions  in  sulphuric  acid  concentra¬ 
tion:  1)  5.0  M;  2)  9.0  M; 
3)  11.0  N;  4)  13.0  N ;_j5 )  15.0  M, 
m  »  16  rpa,  v  •  5  mV.s~  . 
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Pig. 2.-  Cyclic  voltammograms  co¬ 
rresponding  to  ths  oxidation  of 
1.0  nM  4-bromo-2,6-dichloroanili- 
na  solutions  in  sulphuric  acid  at 
concentration:  1)  6.0  M;  2)  9.0  N; 
3)  11.0  M  and  4)  14.0  M,  v  • 
m  10  mV.s~  .  Starting  potential 
0  V;  first  reversal  potential 
1.10  V  for  (1)  and  1.55  V  for  (2), 
(3)  and  (4);  second  reversal  po¬ 
tential  0  V. 


Cyclic  voltammograms  exhi¬ 
bit  two  anodic  peaks  (0, .0  )  co¬ 
rresponding  to  ths  waves  obser¬ 
ved  in  the  RDE  voltammetry.  The 
current  function  of  all  anodic 
peaks  progressively  decreased 
when  v  increased,  whereas  the 
anodic  peak  potential  is  gradua¬ 
lly  shifted  to  sore  positive  po¬ 
tential  as  long  as  v  rised.  The¬ 
se  facts  suggest  that,  under  dif 
fusion  control,  the  first  and  se 
cond  oxidation  processes  of  both 
anilines  are  irreversible.  The 
«n  product  determined  from  the 
RDE  voltammograms  always  takes  a 
value  practically  equal  to  1 
(see  table  1).  Two  additional 
couples  (03/R3,0  /R4)  were  ob*e£ 
ved  in  the  cyclic  voltammograms 


made  up  to  peak  0.,  as  can  be  seen  in  fig. 2.  Peak  potentials  of  03,  R^,  04 
and  R  were  always  of  0.69,  0.66,  0.57  and  0.52  V  vs  SCE  respectively. 
The  0^/IL  couple  predominated  over  the  04/i^  one  as  long  as  either  acid 
concentration  or  v  increased.  This  indicates  that  the  product  formed  in 
peak  0.  and  reduced  in  peak  R_  is  hydrolysed  to  give  the  compound  reduced 
in  peak  R..  According  to  Hand  and  Nelson  ,  the  O./R.  couple  can  be  attri¬ 
buted  to  a  p-benzoquinone/hydroquinone  system,  whereas  the  0  3/^*3  one  to  a 
p-benxoqui none imine/ p-am i nopheno 1  system . 


Because  the  half-wave  potential  of  the  first  oxidation  process  re¬ 
mains  independent  of  the  reaction  medium,  it  seems  reasonable  to  consider 
the  protonated  forms  of  both  anilines  as  their  electroactive  species. 

Assuming  m  ■  0.5,  and  initial  two-electron  transfer  of  this  species  ta¬ 
kes  place,  being  the  rate-determining  step  of  the  first  process.  The  re¬ 
sulting  trication  can  undergo  a  further  hydrolysis  in  aara-positlon  with  a 
lost  of  a  bromide  ion,  generating  the  corresponding  2,6-dihalo-p-benzoqui- 
noneimine  (0  /R_  couple).  The  hydrolysis  of  this  product  leads  to  the  for¬ 
mation  of  the  2;6-dlhalo-p-benzoquinone  (04/R4  couple). 
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REDUCTION  MECHANISM  OF  PARABANIC  ACID  ON  A  DME 
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INTRODUCCION 

Parabanic  acid  (Imidazolidinetrione)  is  an  important 
product  in  relation  to  the  enzimatic  activity  of  many  bio¬ 
logically  significant  purines.  Although  several  papers  have 
been  reported  about  its  electrochemical  behaviour,  the  detailed 
reduction  mechanism  has  not  been  unequivocally  established. 
Thus,  Hladik1  has  postulated  that  parabanic  acid  is  reduced 
at  mercury  electrodes  in  a  two-electron,  two-proton  reaction 
to  5-hydroxyhydantoin.  Struck  and  Elving*  concluded  that  the 
postwave  observed  in  buffer  solutions  which  contained  phosphate 
was  probably  due  to  the  reduction  of  a  phosphate  conplex  of  pa¬ 
rabanic  acid.  Dryhurst  et  al.3  postulated  the  reduction  overall 
reaction  of  parabanic  acid  and  its  mono-  and  di-methyl  deriva¬ 
tives  using  d.c.  polarography ,  coulometry,  macroscale  electro¬ 
lysis,  thin  layer  chromatography  and  mass  spectra.  They  sug¬ 
gested  that,  particularly  at  low  pH.  the  overall  reaction 
is  reversible  although  cyclic  voltammetry  at  pyrolitic  graphite 
and  mercury  electrodes  did  not  give  any  anodic  peaks  charac¬ 
teristic  of  a  reversible  process  at  any  pH. 

In  the  course  of  an  investigation  about  enediol-car- 
bonyl  systems  we  have  recently  studied  the  electrochemical 
behaviour  and  reduction  mechanism  of  alloxan4  .  We  have  ob¬ 
served  that  parabanic  acid,  obtained  from  homogeneous  decom¬ 
position  of  alloxan,  could  be  responsible  of  a  polarographic 
wave  at  more  negative  potentials  which  had  been  ascribed 
to  salloxan. 

In  this  sense,  the  aim  of  this  study  is  to  clarify 
the  reduction  mechanism  of  parabanic  acid  and  the  reversi¬ 
bility  of  the  reduction  process. 

EXPERIMENTAL 

LSCV  measurements  were  made  by  using  a  single-shot 
triangular  wave  generator  and  a  fast  potentiostat  with  a 
built-in  compensator  for  the  iR  drop.  The  voltamograms  were 
recorded  on  a  microprocessor  based  data  acquisition  system 
provided  with  fast  A/D  converters.  The  microcomputer  used 
for  acquisition  and  analysis  of  data  was  a  48K-Apple  II. 

RESULTS  AND  DISCUSSION 

Parabanic  acid  is  reduced  on  the  dropping  mercury 
electrode  producing  one  two-electron  polarographic  and  voltam- 
metric  curve  in  acid  med  ia.  Logarithmic  analysis  in  the 
form  of  E  vs.  log  (i/i.-i)  is  linear  in  HC1  1M.  The  slope 
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of  the  plot,  is  approximately  -30  mV/dec.,  characteristic 
of  a  reversible  two-electron  process.  However,  when  the  pH 
increases  the  slope  increases  appearing  two  segments  in  the 
logarithmic  analysis.  In  0.1M  HC1  the  slope  of  the  first 
segment  is  -40  raV/dec.  approximately.  At  higher  pH  again 
one  only  linear  segment  with  slope  of  -43  mV/dec.  appears. 

We  have  studied  the  influence  of  the  capillary  charac¬ 
teristics  as  a  function  of  the  potential.  Log  i  vs.  log  t 
plots  are  linear  on  the  rising  portion  on  the  polarographic 
wave.  Nevertheles,  at  potentials  corresponding  to  the  foot 
of  the  wave  the  slope  of  the  log  i  vs.  log  t  plots  are  approxi¬ 
mately  0.67  and  in  the  limiting  zone  0.19.  This  result  indi¬ 
cates  that  in  the  limiting  zone'  the  process  is  diffusion- 
controlled.  However,  from  the  results  at  potentials  corres¬ 
ponding  to  the  foot  of  the  wave  can  be  deduced  that  the  control 
is  by  the  electron  transfer  or  by  a  chemical  reaction  fol¬ 
lowing  the  tranfer. 

Linear  sweep  cyclic  voltammetry  confirm  the  postkin- 
etic  nature  of  the  process  in  acid  media.  Thus,  at  low  scan 
rates,  only  a  cathodic  peak  appears  not  being  observed  the 
corresponding  anodic  peak  as  can  be  observed  in  Figure  la. 
However,  at  scan  rates  higher  than  5  V/ s  an  anodic  peik  appears 
whose  peak  current  increases  when  the  scan  rate  is  increased. 


I 

10  V/S 

2°  f 

VA 

V 

1 _ 

100  mV 

''v. 

• - " 

_  / 

200_  -E(SCE) 


Figure  la 


Figure  1b 
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In  Figure  1b  the  current-potential  curve  at  scan  rate  of 
10  V/s  is  shown.  At  this  scan  rate  the  difference  between 
anodic  and  cathodic  peak  potentials  is  higher  than  60/n 
mV  which  indicates  a  decrease  in  the  rate  of  the  charge  trans¬ 
fer  reaction. 

The  variation  of  cathodic  peak  potential  with  the 
pH  is  in  agreement  with  two  protons  exchanged  in  the  overall 
reaction.  Mechanisms  are  proposed  in  different  acidity  condi¬ 
tions  . 
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ANODIC  BLBCTROPOLYMBRI Z ATION  OP  THE  ACRYLAMIDE  IM  NaNO^  AQUEOUS 
SOLUTION:  CONVERSION  AND  MOLECULAR  WEIGHT  MODIFICATION. 
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We  are  interested  in  the  study  of  the  electrochemical 
behaviour  of  the  activated  iridium  electrode  in  different 
electrolytes  in  absence  and  in  presence  of  acrylic  monomers 
(1-3).  The  anodic  polarization  of  the  electrode  in  1M  NaN03 
with  acrylamide  promotes  the  monomer  polimerization  into  the 
solution.  We  present  here  the  results  obtained  for  the  mono¬ 
mer  conversion  as  a  function  of  several  kinetic  variables,  as 
well  as  the  influence  of  those  variables  in  the  viscosimetric 
average  molecular  weight. 

An  iridium  sheet  of  0,5  cm2  of  apparent  area  was  used  as 
working  electrode.  A  thick  layer  of  surface  oxides  with  rever 
sible  redox  behaviour  was  developed,  by  consecutive  cycles 
of  potential,  in  0,5  M  H2SO4  previously  to  the  electropolyme¬ 
rization  process.  The  experiments  were  made  at  constant  poten 
tial  or  current  density  and  under  N2  bubbling. 

When  the  monomer  concentration  increases,  the  results 
shown  on  the  table  1  were  obtained. 


Table  1 :  slopes  of  the  conversion  lines,  polimerization  rate 
and  middle  viscosimetric  weight  at  different  acrylamide  con- 
centratrion.  j=  10  mA.cm-2,  T=  35QC,  [NaNC^l  -  1M,  constant 
e-lectrode  activation. 


[aaJ  mol.  1-1 


slopes  of  the  con¬ 
version  straight 
lines,  s-1 


Rp.l°5 

mol.l~l.s~l  Mw.lQ-4 


1 

0,136 

2,26 

22,20 

2 

0,1212 

4,04 

29,79 

3 

0,0996 

4,98 

63,02 

4 

0,1096 

7,30 

64,09 
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The  straight  lines  were  obtained  for  conversion  lower 
than  25%  at  current  flow  times  lower  than  150  min. 

The  slopes  of  the  conversion  straight  lines  increas 
when  the  NaNC>3  concentration  increases.  When  the  NaN(>3  con¬ 
centration  was  4M  we  attained  a  limit  conversion  toward  150 
min  of  current  flow.  The  polymerization  rate  (Rp)  was  obtai¬ 
ned  from  the  straight  section  of  the  conversion  curves. 

We  modified  the  current  density,  keeping  the  other 
ones  electrochemical  and  chemical  parameters  constants.  The 
conversion  curve  obtained  presents  three  different  regions. 

At  lower  current  densities  than  15  mA.cm“2  the  conversion  in 
creased  linearly  with  the  current  density.  Between  15  and 
30  mA.  cm“2  the  conversion  remained  almost  constant.  The  mo¬ 
nomer  conversion  decreases  quickly  at  current  densities 
higher  than  30  mA.  cm~2.  At  the  same  time  the  viscosimetric 
molecular  weight  decreases  with  the  current  density  increase. 

Those  processes  could  be  explained  by  means  of  mixed 
reactions  on  the  electrode.  The  NO3-  discharge  with  produc¬ 
tion  of  NO3*  seems  to  coexist  on  the  electrode  surface  with 
the  monomer  discharge  and  the  water  discharge,  at  high 
enough  current  densities,  with  oxygen  production. 

The  formation  of  the  primary  radicals  NO3*  and  its 
desorption  from  the  electrode  surface,  promotes  the  begining 
of  the  polymerization  process.  The  monomer  molecules  dischar 
ge  does  not  seem  to  participate  directly  in  the  polymeriza¬ 
tion  process.  They  have  an  indirect  participation  by  com- 
sumption  of  the  current  flow  and  of  the  active  surface  cen¬ 
ters;  indering  the  NC>3“  discharge. 

This  last  fact  was  the  responsible  for  the  slope  decrea 
se  when  the  monomer  concentration  increased  from  1M  to  3M. 

The  polymerization  rate,  nevertheless,  increases  continuously 
At  4M  acrylamide  concentration,  the  influence  of  the  polyme¬ 
rization  rate  increase  is  higher  than  the  decreasing  in  ge¬ 
neration  of  initiating  radicals.  The  continuous  increase  of 
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the  viscosimetric  molecular  weight,  with  the  increase  of  the 
monomer  concentration,  was  caused  by  the  rise  of  the  polymeri 
zation  rate. 

When  the  nitrate  concentration  was  modified  keping  all 
other  kinetic  and  electrochemistry  parameters  constans,  the¬ 
re  was  a  strong  rise  of  the  monomer  conversion.  This  fact 
seems  related  with  the  rise  of  production  of  primary  radicals, 
by  competitive  transfer  reaction  on  the  electrode;  as  the 
viscosimetric  molecular  weight  was  kept  constant. 

Water  discharge,  with  oxygen  production, begins  at  cu¬ 
rrent  densities  higher  than  15  mA.cm'2  on  the  electrode  sur¬ 
face.  The  presence  of  three  different  competitive  reactions 
on  the  electrode  promotes  a  decrease  of  primary  radicals 
production.  The  presence  of  the  oxygen  promotes  the  partial 
disappearance  of  the  primary  radicals  produced.  Both  those 
efects  promote  the  decrease  of  the  conversion. 

At  the  same  time,  the  oxygen  presence  produce  the  de¬ 
crease  of  the  half  live  of  the  polymeric  radicals  and  the 
decrease  of  the  average  molecular  weight,  such  as  was  showed 
by  viscosimetric  measurements. 

The  results  obtained  points  toward  the  possibility  of 
controling  the  monomer  conversion  as  well  as  the  molecular 
weight  distribution  by  control  of  the  electrochemistry  and 
chimistry  parameters.  This  fac  is  very  important  from  the 
view  point  of  the  polymer  properties. 
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KINETIC  OP  THE  ACRYLAMIDE  ELECTROPOLYMERIZATION  IN  NQ^~ 
AQUEOUS  SOLUTION. 

T.F. Otero  and  M«  A.Mugarza. 

F.  de  C.  Quimicas,  Dep.  de  Quimica-Fisica .  Apdo.1072. 
San  Sebastian.  Spain. 


Prom  the  study  made  in  our  laboratory  about  the  elec¬ 
trochemistry  behaviour  of  an  activated  iridium  electrode,  in 
presence  of  acrylamide  aqueous  solution,  using  as  electroly¬ 
tes:  NaN03,  KOH,  H2SO4,  HC1,  phosphate  buffer  solution,  NaS04 
and  NaCl ;  only  with  NaN03  the  polymer  was  formed  into  the  so¬ 
lution  and  separate,  when  the  current  was  switched  off,  by 
precipitation  in  methanol. 

The  electrochemical  behaviour  of  the  NaN03  (without 
acrylamide)  is  different  to  the  other  ones,  by  transformation 
of  the  electrolyte  with  the  current  flow,  appearing  an  acidi¬ 
fication  of  the  solution,  into  the  anolyte,  equivalent  to 
the  applied  current. 

This  fact  points  toward  a  N03*  radical  generation  by 
charge  transfer,  capable  to  take  a  H'  from  a  water  molecule. 
When  the  acrylamide  was  present,  some  H'  were  taken  from  the 
monomer  molecule  and  some  monomer  radicals,  capables  to  ini¬ 
tiate  the  polymerization,  were  obtained  in  the  solution. 

But,  the  NO3-  discharge  on  the  electrode  began  over  a 
potential  near  to  the  monomer  oxidation  and  water  discharge, 
although  the  last  one,  in  presence  of  acrylamide  was  only 
significative  at  higher  overpotentials. 

Almost  all  our  experiments  were  made  using  lows  overpo 
tentials  (1300  mV)  or  current  densities  (10  mA.cm-^).  in  this 
way,  we  taked  into  account  only  the  competitive  discharge  of 
NO3-  and  monomer  on  the  electrode  surface. 

When  the  monomer  concentration  was  increased  from  1M 
to  3M  we  found  a  decrease  in  the  polymer  production  and  an 
increase  in  it's  average  molecular  weight.  This  fact  points 
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toward  a  non  direc  participation  of  the  monomer  discharge  in 
the  initiation  of  the  polymerization.  But  there  is  an  indi¬ 
rect  participation  by  lowering  of  the  N03~  discharge  and  de¬ 
creasing  the  initiation  rate. 

On  this  way,  the  electrode  process,  could  be: 


Kl 


(la) 

no3~  +  cL  - 

_  (N03-)ad 

klb 

(lb) 

( NO3  ~ ) ad 

— *  (N03*)ad  + 

(lc) 

( N03 ’ ) ad  - 

(no3*)80i. 

fa— 


(2a) 

M  +  CL 

(M)ad 

k2b 

(2b) 

(M)ad  - > 

(M‘)ad  +  e~ 

(2c) 

<M‘)ad  - *■ 

Products 

With  those  condictions,  all  the  current  crossing  the 
electrode  was  consumed  in  both  (  lb  and  lc  )  transfer  reac¬ 
tions  : 

-A-  =  V;L  +  v2  =  kX  CL  [n03“]  +  k2  CL  [AA]  and 
i/nF 

ki  [no 3^]  +  k2  [AA] 

The  primary  radicals  may  go  by  two  ways  into  the  solution: 
(3)  (N03*  >sol  +  M  ^  M*  +  Products 


(4) 


(N03* }  +  H20 


HN03  +  OH* 
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The  M’  formation  explains  the  initiation  of  the  polymeriza¬ 
tion: 

Jtp 

(5)  M-  +  M  - - - >  M2* 


P 

(6)  Mn*  +  M  - - - »  Mn+i ’ 

I 

The  step  (4)  could  explain  the  postpolymerization  by  chemi¬ 
cal  reaction,  once  the  electric  current  was  switched  off: 

(7)  HNO3  +  M  - >  M  *+  Products 

With  respect  to  the  termination  step,  the  experimental  re¬ 
sults  seem  to  point  toward  a  lineal  termination: 

kto 

(8)  Mn  - — — ^  Polymer 

The  mutual  termination  or  dismutation  was  not  signifi¬ 
cative.  The  termination  by  combination  between  polymeric  ra¬ 
dicals  and  primary  radicals  does  not  seems  to  be  important 
either . 

At  high  current  densities  or  overpotentials,  the  water 
discharge  disturbs  all  the  other  surface  transferences,  and, 
principaly,  the  termination  step  of  the  polymerization  pro¬ 
cess.  The  oxygen  reacts  with  the  polymer-radicals  and  promo¬ 
tes  the  decreasing  of  the  molecular  weight. 

All  this  discussion  drives  us  toward  a  polymerization 
rate,  obtained  by  application  of  the  stady  state: 


CL  [aa]  [NaN03] 


in  good  agreement  with  the  experimental  results. 
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PROGRESS  OF  THE  SPE  ELECTROLYZER 
TO  ORGANIC  ELECTROCHEMISTRY 


Z.  TAKEHARA  AND  Z.  OGUMI 

Department  of  Industrial  Chemistry,  Faculty  of  Engineering 
Kyoto  University,  Kyoto  (Japan) 


\ 

An  SPE  composite  electrode,  which  was  composed  of  an  ion 
exchange  membrane  and  a  porous  metal  bound  on  the  former,  was 
applied  in  a  area  of  electro-organic  syntheses.  Ion  exchange 
membranes,  especially  very  stable  one  "Nafion"  was  utilized  as  an 
SPE  materials.  Porous  metal  was  deposited  on  the  membrane  by  an 
electroless  plating  method  using  hydrazine  or  sodium  hydroborate 
as  a  reductant.  In  this  method,  metal  ion,  reductant,  or 
catalyst  permeate  through  a  membrane  and  a  deposited  metal  layer. 
Reversing  the  side  after  deposition  on  one  side  (one-side  SPE 
composite  electrode),  metal  is  deposited  on  the  other  side  (both- 
sides  SPE  composite  electrode)  when  needed.  Platinum,  is  the 
easyest  in  deposition  and  very  stable  (Pt-SPE). 

Charactristics  and  advantages  of  the  SPE  method  can  be 
summarized  as  follows:  1 .  Because  no  supporting  electrolyte  is 
needed,  the  solvent  and  the  reactant  concentration  can  be 
selected  with  wide  variation  and  the  separation  of  product  is 
ease.  2.  Because  of  narrow  and  uniform  electrodes  gap,  high 
current  density  electrolysis  can  be  operated  with  low  cell 
voltage.  3.  Polymer  coated  electrode  with  high  catalytic 
activity  can  be  used.  In  this  research,  following  three 
different  types  of  electrolysis  cells  were  used.  1 .  One 
compartment  cell  with  a  both-side  SPE  composite  electrode,  not  as 
a  separator  (type  A).  2.  Two  compartments  cell  with  a  both-side 

SPE  composite  electrode,  as  a  separator  (Type  B).  3.  Two 

compartments  cell  with  a  one-side  SPE  composite  electrode,  as  a 
separator  and  a  conventional  counter  electrode  (type  C). 

1 .  Kolbe  type  reactions  and  reactivity  of  Pt-SPE 

Ai  platinum  of  Pt-SPE  looks  like  platinum  black,  a  high 
reactivity  is  expected  from  its  large  surface  area.  A  Kolbe 
reaction  on  one-side  Pt-SPE  in  neat  acetic  acid  revealed  a  large 
effective  surface  area,  a  big  roughness  factor  of  6. 

2.  Hydrogenation  of  olefinic  double  bonds  and  active  site  of 
following  chemical  reactions 

Following  chemical  reactions  are  known  to  be  a  key  step  in  an 
electrochemical  hydrogenation  of  olefinic  double  bonds  on  a  Pt 
electrode.  As  described  in  Table  1,  composite  electrodes 
outside  of  which  was  covered  with  gold,  an  inactive  metal  in  the 
catalytic  hydrogenation,  Au-SPE  and  Au-Pt-SPE,  were  not  active, 
while  Pt-SPE  and  Pt-Au-SPE  were  active.  The  fact  indicates  that 
the  active  site  is  the  outer  surface  of  the  deposited  Pt  for  the 
following  chemical  reaction  as  illustrated  in  Fig.l,  a. 

3.  Reduction  of  nitrobenzene  and  an  active  site  of  a  charge 
transfer  reaction 

Nitrobenzene  is  known  to  be  reduced  by  a  mechanism  of  direct 


Table  1.  Electrochemical  reduction  on  different  SPE 
composite  electrode  (Current:  3.75mA  cm-2) 


Starting 
material 
(mol  dm" 3) 


a-Mst 

(0.05) 

DEM 

(0.05) 

p-BQ 

(0.01) 


Solvent 


Pt-SPE 

n-hexane 

11 

ethanol 

33 

n-hexane 

12 

ethanol 

30 

DEE 

38 

ethanol 

50 

Current  efficiency  (%) 


Pt-SPE  Au-SPE  Au-Pt-SPE  Pt-Au-SPE 


a-Mst:  a-methylstyrene ,  DEM:  diethyl  maleate,  p-BQ: 
p-benzoquinone,  DEE:  diethyl  ether 


SPE  ..... 


"Organic 


Organic 


■  Organic 


.  '  fPt 


Organic 


Organic 


Organic 


Fig.1  Schematic  model  of  the  electrochemical 

hydrogenation  of  olefinic  compounds  on  SPE  composite 

charge  transfer  on  a  cathode  at  fairly  negative  potential.  Pt 
is  not  a  good  electrode  material  for  the  reduction. 
Electrolytic  deposition  of  Cu  on  the  inner  surface  of  Pt-SPE 
improved  the  reduction  efficiency,  while  the  deposition  on  the 
outer  surface  was  not  effective.  The  results  explicitly  show 
the  importance  of  the  inner  surface  and  lead  to  the  conclusion 
that  the  reduction  takes  place  on  the  inner  surface  of  Pt-SPE  as 
shown  in  Fig.1,b.  It  is  worth  noting  that  little  p-aminophenol 
was  produced  regardless  that  the  circumsteinces  of  the  reaction 
site  favours  for  its  production.  This  suggests  the  positive 
effect  of  Nafion  coating  on  the  reaction  selectivity. 

4.  Halogen  mediatory  systems 

Simple  redox  mediatory  systems  such  as  halogen  could  play  its 
role  by  addition  of  it  into  a  substrate  solution.  A  bromine 
mediatory  system  was  examined  in  the  methoxylation  of  furan  as 
shown  in  Fig. 2,  and  an  iodine  system  was  also  examined. 

Fixation  of  mediatory  systems  in  SPE  composite  electrodes 
Cations  can  be  fixed  in  Nafion  by  the  difference  of  exchange 
affinities  (electrostatic  interaction).  The  PTFE  backbone  of 
Nafion  is  usefull  to  fix  some  hydrophobic  mediators  by  a 
hydrophobic  interaction.  Metal  cations,  viologens,  metal 

phthalocyanines ,  phenanthroline  complexes,  etc.  were  fixed  and 


> 


Current  /  mA 


Fig. 2  Dependence  of  the  current  efficiency  of  2,5- 
dimethoxy-2,5-dihydrofuran  and  cell  voltage  on  current  in  furan 
20%,  methanol  80%,  and  0.01M  Br2(  ),  and  furan  10%,  and 
methanol  90% (•, 4) without  Br2 • 


a  o  Cinnamaldehyde 
a  •  Cinnamic  acid 

•  O  Pt'SPEMn 

*  a  Pl-SPE 


1.2  1.4  1.6  1.8 

Evs.  Ag/AgCI 

Cinnamyl  alcohol  50  v/,  in  THP 

Fig. 3  Current  efficiencies  of  cinnamaldehyde  and 
cinnamic  acid  under  potentiosatic  electrolysis  conditions  in  50% 
cinnamyl  alcohol  in  THF  in  a  working  electrode  compartment  and 
0.025M  H2SO,  in  a  counter  electrode  compartment  on  Pt-SPE,  Mn  and 
Pt-SPE. 


exhibited  a  redox  behaviour  in  SPE  composite  electrodes.  A 
manganese  redox  system  (Mnz'*'/Mn02 )  fixed  in  Pt-SPE  effectively 
mediated  an  selective  oxidation  of  ’  cinnamic  acid  to 
cinnamaldehyde  as  described  in  Fig. 3.  No  contamination  by 
manganese  was  observed  in  products.  Fixing  of  mediatory  systems 
remarkably  decreased  the  cell  voltage  and  increased  the  life  of 
composite  electrodes. 


•?V;-;^'-' 


13300  i 

H  ATOM  TRANSFER  REACTIONS  FROM  ALCOHOLS  IN  ORGANIC  ELECTRO¬ 
CHEMISTRY. 

C.P.  ANDRIEUX1,  J.  BADOZ-LAMBLING2,  C.  COMBELLAS2,  D.  LACOMBE2, 
J.M.  SAVEANT1,  A.  1VIEBAULT2,  D.  ZANN1. 

1.  Universite  de  Pzris  VII.  Laboratoire  d*4lectrochimie, 

2  Place  Jussieu,  ?5231  PARIS  CEDEX  05,  FRANCE. 

2.  ESPCI.  Laboratoire  c'e  Chimie  Analytique  des  Milieux 
Reactionnels,  10  rue  Vauquelirt,  75231  PARIS  CEDEX  05, 
FRANCE. 


The  behaviour  of  primary  and  secondary  alcohols  as  H  atom 
donors  towards  aryl  radicals  generated  by  .he  reductive  clea¬ 
vage  of  aromatic  halides  is  investigated.  TL”>  study  of  the 
process,  realised  in  the  alcohol  itself  and  i  liquid  ammonia 
makes  possible  the  knowledge  of  the  mechanism,  . hich  consists 
mainly  in  the  competition  between  the  reduction  and  the  de¬ 
protonation  of  the  hydroxylated  radical  generates  by  the  al¬ 
cohol  after  H  atom  transfer. 


Ar'  CHOH  -►  ArH  + 


,C-0H  +  ArX 
'CHS  +  HA 


Ar  +  ArX 
ArH 


^C-OH  +  A  £  'C-6  ♦  HA 

'C-6  +  ArX  — ►  'C=0  +  ArX" 


,-i 

?! 

.! 
■  -4 


■H 


This  behaviour  can  be  demonstrated  by  the  electrochemical 
reduction  of  4  -  bromobenzophenone  in  pure  isopropanol  and  in 
liquid  ammonia  with  various  amounts  of  isopropanol. 

In  pure  isopropanol,  the  balance  of  electrolysis  is  equal 
to  one  electron  per  mole  of  starting  product  and  the  formation 
of  ketone  can  be  quantitatively  detected  by  VPC. 

In  liquid  ammonia,  the  addition  of  either  isopropanol  or 
ethanol,  or  methanol  leads  to  a  decrease  of  the  substrate  re¬ 
duction  peak. 


J?lf 


'*&  V* 


A  ;  ArX 
B^ArH 


1  ArX 
Z  +  ROH 

3  ♦NH^/to^O) 


The  deprotonation  of  the  hydroxyl  radical  is  clearly  de¬ 
monstrated  by  the  specific  reduction  peak  of  benzophenone  in 
the  presence  of  protons  (peak  C) .  In  the  presence  of  a  weak 
base  (KNH-CONH^)  the  deprotonation  is  sufficient  to  lead  to 

ar  catalytic  system  similar  to  the  1  mechanism. 

RN 
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ELECTROCHEMICAL  DETERMINATION  OP  ARYL  RADICALS  REACTIVITY  VS 
NUCLEOPHILES  IN  AROMATIC  NUCLEOPHILIC  SUBSTITUTIONS  SRN1. 

C.  AMATORE1,  C.  COMBELLAS2,  M.  A.  OTURAN2,  J.  PINSON3, 
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SrjjI  reactions  proceed  via  the  following  catalytic  cycle  : 


ArNu  A  rX 


Electrochemistry  offers  an  excellent  opportunity  for 
initiating  the  above  cycle  through  the  easy  production  of 
ArXS  by  reduction  of  the  starting  aromatic  halide.  On  the 
other  hand  transient  electrochemistry,  such  as  e.g.  linear 
sweep  voltammetry,  allows  the  determination  of  the  kinetics 
in  the  key  reaction  (2),i.e.  the  determination  of  the  reac¬ 
tivity  of  aryl  radicals  vs  various  nucleophiles.  So  far  the 
reactivity  of  ca  30  different  radical/nucleophile  couples 
has  been  investigated  in  liquid  NH^. 

Three  techniques  are  presented  : 
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By  applying  the  pertinent  method  for  each  substrate-nucleo¬ 
phile  system,  the  following  results  are  obtained  : 

TABLE  I 

-8 

Values  of  K  according  to  K  =  10  k. 

k  .  2 

Ar*  +  Nu“  —  —  ArNu” 


Nu 


Ar ' 

PhS~ 

(EtO)2PO" 

ch3coch2 

CN" 

phenyl 

0.26 

3.8 

2-pyridy 1 

1 

»  1 

3-pyridy 1 

100 

70 

160 

4-benzoylphenyl 

0.47 

2-cyanophenyl 

140 

80 

240 

9.6 

3-cyanophenyl 

150 

75 

90 

4-cyanophenyl 

34 

14 

26 

0.33 

1-naphtyl 

200 

320 

420 

2-quinolyl 

0.14 

0.26 

1 

0.02 

3-quinolyl 

19 

7.6 

38 

4-quinolyl 

32 

16 

54 

0.6 
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Simultaneous  spectral  observations  and  electrochemical  measu¬ 
rements  give  better  understanding  of  the  process,  hence,  more 
detailed  information  of  the  reaction  studied.  Due  to  the  high 
rate  of  the  electrode  processes  it  is  necessary  to  perform  the 
measurements  by  means  of  rapid  spectrophotometers  and  computer 
acquisition  as  well  as  processing  of  the  spectra  [l]. 

Among  a  number  of  organic  substances  studied  by  speotroele- 
ctrochemical  methods  there  is  a  big  group  of  heterocyclio  com¬ 
pounds  containing  nitrogen  atoms  [2]«  Our  previous  study  [3] 
has  shown  that  2, 2* -diquin oxelyl  (DQx)  undergoes  a  two-stage 
reduction  in  DMF  solution  and  both  products  of  reduction  are 
colourful.  In  acidic  solution  it  is  a  one-stage  process  and  the 
reaction  product  is  also  colourful.  Based  on  these  results  we 
decided  to  perform  spectroelectrochemieal  study  of  DQx  and  its 
derivatives. 

Experimental 

Electrochemical  apparatus,  reagents  and  their  purification 
were  described  in  [3.4],  spectroeleotroohemical  apparatus  and 
the  computer  program  controlling  the  spectroeleotroohemical  sys¬ 
tem  in  [1].  Optically  transparent  electrodes  obtained  by  deposl- 

o 

ting  of  platinum  layer  of  550  A  thick  on  glass  were  used.  All 
potentials  reported  were  measured  vs.  Ag/AgCl.  DQx,  thieno[2,3- 
-bs4,5-b*  ]diquinoxalyl  (TDQx),  and  2,2* -dipyrazyl  (DP)  was  pre¬ 
pared  as  in  (51. 

Results  in  neutral  solution 

Cyclic  voltammetrlc  curves  of  the  DQx  reduction  on  the  plati¬ 
num  electrode  in  neutral  DMF  solution  are  presented  in  Fig.  la. 
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There  are  two  induction  peaks  at  ereD1  *“’0,94  v  and  1.55  V 

and  one  oxidation  peak  at  BOX3*0'  84  V.  The  speotra  of  electrore- 
duotlon  of  DQx  In  this  solution  during  linear  changes  of  the  Pt 
eleotrode  potential  are  presented  In  Fig.  2.  In  this  figure 
three  distinct  bands  can  be  observed!  440  nm,  A.2»  500  run, 

and  A.^a  610  run.  Voltabsorptiometric  curves  at  500  nm  (b) 

and  ^2*  610  nm  (c)  are  presented  in  Fig.  1.  It  can  be  seen 
from  both  figures  that  after  reversing  the  direction  of  poten¬ 
tial  changes  the  colour  of  both  the  compounds  disappears.  The 
electrochemical  and  ESR  Investigations  of  DQx  showed,  that  the 
first  reduction  produot  in  D'!F  solutions  is  the  anion- radical. 

The  ESR  signal  is  strong,  appears  at  once  and  is  stable  for 
about  5  min  after  the  voltage  has  been  swltohed  off.  On  the 
basis  of  these  results  the  mechanism  of  reduction  process  were 
proposed.  The  reduction  mechanism  of  TDQx  is  similar  to  that 
and  the  mechanism  of  DP  reduction  is  quite  different. 

Results  in  acidio  solution 

The  cyclic  voltammetrio  eurve  for  TDQx  in  DL!F  with  0.15  M  of 
perchloric  acid  as  supporting  electrolyte  is  presented  in  Fig. 

3.  It  can  be  seen  from  this  figure  that  the  process  is  redox 
type.  The  potential  value  for  the  reduction  peak  is  equal  to 
ERED**’11^  mV, for  oxidation  peak  is  equal  to  Eq£««-15  mV*  cor- 
respondent  speotroelectrochemical  measurement  is  shown  in  Fig. 

4.  In  this  figure  there  is  an  absorption  band  at  490  nm, 

which  lncreasses  with  the  deorease  of  the  potential  of  the  opti¬ 
cally  transparent  working  electrode.  Similar  results  were  obtai¬ 
ned  for  DQx.  Basing  of  the  electrochemioal  and  speotroeleotro- 
chemloal  results  the  reduction  mechanism  in  acidic  solution  was 
presented. 
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Fig.1.  Voltammetric  curve  of  DQx  in  D!.tF  on  the  Pt  electrode  (a) 
and  simultaneous  recording  of  absorbance  changes  (b)  at 
■  500  nm  and  (c)  at  A.3  »  610  nm. 

Fig. 2.  Spectral  response  of  the  DQx  reduction  products  in  DUF 
on  ?t  electrode  during  linear  change  of  potential.  The 
spectra  were  recorded  every  10  sec. 


!*•*  A 


Fig. 3.  Voltamnetric  curve  of  TDQx  ir.  D!!F  with  0.15  perchlo¬ 
ric  acid  on  the  Pt  electrode. 

Fig. A.  Spectral  response  of  the  TDQx  reduction  product  in  DM? 
with  0.15  M  perchloric  acid  on  Pt  electrode  during  li¬ 
near  changes  of  potential.  The  spectra  were  recorded 
as  in  Fig. 2. 
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Institute  for  Physical  Chemistry,  Wegelerstr.  12,  5300  Bonn,FRG 


1 .  Introduction 

Electrochemists  are  highly  interested  in  experimental  methods 
that  can  tell  what  products  are  formed  within  an  electrode  pro¬ 
cess.  Since  mass  spectroscopy  is  a  very  sensitive  technique,  it 
could  be  used  to  this  end  as  soon  as  an  on  line  connection  be¬ 
tween  the  electrochemical  cell  and  the  mass  spec  is  established. 
In  the  case  of  volatile  products  and  aqueous  solutions. 
Differential  Electrochemical  Mass  Spectroscopy  /I/  has  proven 
its  feasibility  for  this  kind  of  studies.  Herewith,  we  report  a 
totally  new  approach  using  the  thermospray  ionization  method  /2/ 
to  on  line  detect  the  product  distribution  as  function  of  the 
applied  electrode  potential.  Principally,  volatile  and  non 
volatile,  basic  and  acidic  species  can  directly  be  measured  from 
aqueous  and  non  aqueous  solutions. 

2 .  Experimental 

In  the  thermospray  ionization  /2/  method  a  jet  of  statistically 
charged  droplets  is  produced  by  evaporating  the  liquid  out  of  a 
capillary  tube.  Spontaneous  ion  emission  occurs  out  of  these 
droplets  by  ion  attachment  to  neutral  molecules  which  can  thus 
be  identified.  Before  entering  the  capillary  tube,  the  solution 
is  passed  along  a  coiled  Pt-wire  that  acts  as  the  working  elec¬ 
trode  and  which  is  forced  into  a  Teflon  tube.  Thus,  a  collection 
efficiency  near  1  of  the  electrochemical  products  is  guaranteed. 

Fig. 1  displays  the  electrochemical  cell.  The  counter  electrode 
is  simply  situated  upstream  the  electrolyte  flow,  and  a  Teflon 
tube  acts  as  the  Luggin  capillary  connecting  the  main  cell 
chamber  with  a  high  pressure  calomel  reference  electrode.  A  HPLC 
pump  supplies  a  constant  flow  of  the  solution  at  a  rate  of 
normally  1  ml  per  minute  with  a  pressure  of  up  to  2  MPa. 

3.  Example:  oxidation  of  N,N-dimethylaniline  (DMA) 

To  demonstrate  the  feasibility  of  the  above  method  with  respect 
to  electrochemical  processes,  the  electrooxidation  of  DMA  in 
0.1  m  NH.Ac  was  studied.  The  following  mechanism  is  proposed  in 
the  literature  /3/: 

*  x  _  2H+  *  ++ 

2  DMA  -c -  2  DMA  — =2— *  TMB  x -  TMB 

0.6  V  fast  0.4  V 
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Trimerization  is  assumed  to  occur  in  an  consecutive  chemical 
step,  the  trimer  being  electrochemically  active  as  well: 


DMA  +  TMB 


—jg. 

trimer  x -  trimer  OX 

0.2  V_ 


The  following  abbreviations  have  been  used  to  symbolize  the 
mechanism:  t 

TMB  ■  N,+N,  N',  N*  -  tetramethylbenzedine ;  TMB  ■  quinone  of 
TMB;  TMB  =  semiquinone  of  TMB 

Fig. 2  proves  this  mechanism  to  be  principally  valid.  The  spectrum 
was  obtained  within  25  s  during  continuously  scanning  the  poten¬ 
tial  between  -  0.4  and  1.0  Vg^g  with  0.5  V  s”1.  The  mass  peaks 
beyond  200  amu  clearly  show  the  formation  of  dimers  such  as  TMB 
and  trimers  and  prove  the  feasibility  of  the  method  as  an 
analytical  tool. 

As  long  as  the  thermospray  ionization  is  stable,  the  time  between 
the  electrochemical  generation  of  a  species  and  its  mass  spectro¬ 
scopic  detection  is  given  by  the  so-called  dead  time  necessary 
for  the  flow  to  pass  the  capillary  tube,  the  time  behaviour  of 
the  working  electrode  and  eventual  consecutive  chemical  reactions. 
This  is  visualized  in  Fig. 3  where  the  mass  intensity  of  TMB  is 
shown  during  a  square  wave  potential  pulse  applied  to  the  working 
electrode.  It  impressively  features  the  true  time  dependent  gene¬ 
ration  of  TMB  while  the  faradaic  current  is  at  first  masked  by 
capacitive  effects.  It  can  be  taken  from  Fig. 3  that  the  dead  time 
amounts  9  s  for  the  experimental  set  up  used,  but  we  believe  that 
it  can  be  improved  to  be  less  than  a  second. 

The  dead  time  is  already  small  enough  to  allow  mass  intensity 
potential  curves  to  be  measured  which  was  previously  called  Mass 
Spectroscopic  Cyclic  Voltammetry  (MSCV)  /I/.  Fig. 4  shows  such 
diagrams  for  DMA,  TMB  and  the  trimer.  Evidently  DMA  is  shielded 
from  reaching  the  mass  spec  as  soon  as  its  oxidation  starts  at 
about  0.52  Vgcg.  In  parallel,  the  mass  intensities  of  TMB  and 
the  trimer  both  rise,  which  proves  that  they  are  formed  due  to 
the  electrochemical  process  occur ing. 

4 .  Conclusions 

A  new  on  line  method  is  presented  which  allows 

1.  the  volatile  and  non  volatile,  basic  and  acidic  products  of 
an  electrochemical  reaction  to  be  identified  by  mass  spectro¬ 
metry  directly  out  of  the  electrolyte; 

2.  electrode  processes  to  be  characterized  as  function  of  the 
varying  potential  (MSCV) ; 

3.  consecutive  chemical  reactions  to  be  studied  by  varying  the 
dead  time. 

Since  the  thermospray  ionization  method  only  requires  the  exist¬ 
ence  of  stable  ions  in  the  solution,  no  restriction  exists  with 
respect  to  its  electrochemical  application.  Any  organic  or 
aquous  electrolyte  can  be  used  together  with  any  solid  electrode 
material.  We  therefore  believe  that  our  method  is  a  valuable 
complement  to  the  techniques  existing  so  far  and  can  be  widely 
used  for  the  study  of  the  kinetics  of  electrochemical  reactions. 


/I/  0.  Wolter  and  J.  Heitbaum,  Ber.  3unsenges.  Phys.  Chem.  88 

{1984)  2 

/2/  M.L.  Vestal  in  "Ion  Formation  from  Organic  Solids",  A. 
Benninghoven  ed.,  Springer  Ser.  Chem-  Phys.  25,  p.  246, 
Springer  Verlag,  Berlin,  Heidelberg  1983 
/ 3 /  E.T.  Seo,  R.F.  Nelson,  J-M.  Fritsch,  L.S.  Marcoux,  D.W. 
Leedy,  R.N .  Adams,  J.  Am.  Chem.  Soc .  88,  (1966)  3493 
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Fig. 2:  Mass  spectrum  of  DMA  and  products 


Fig.1:  High  pressure 
electrochemical  cell 


Fig. 4:  MSCV  of  DMA,  TMB  awd 
trimer 


3  1 «  .0 
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Fig. 3:  Mass  intensity  of  TMB  during 
a  square  wave  potential  pulse 
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MECHANISM  AND  STEREOCHEMISTRY  OF  THE  ELECTROCHEMICAL 
REDUCTION  OF  PHENYL-SUBSTITUTED  INDENES 
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aDipartimento  di  Chimica  Fisica,  Padova  (Italy) 
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The  electrochemical  reduction  at  Hg  electrode  in  DMF/TBAP  0.1  M  of  some 
phenyl -substituted  indenes  (1-6) has  been  investigated  with  the  aim  to  find 
out  possible  relationships  between  mechanism  and  stereochemistry  of  the  two- 
electron  two-proton  reduction  occurring  at  the  double  bond  of  the  pentatomic 
cycle,  and  affording  the  corresponding  indans  of  various  configurations: 


1,  R 
3,  R 
5,  R 


where  HS  represents  the  proton  donors,  such  as  H20,  PhOH  or  the  indenes  3-6 
(self-protonation)  . 

In  a  carefully  dried  solution  the  electrochemical  reduction  of  indenes  1 
and  2  (Ind)  takes  place  via  two  reversible  one-electron  transfer  processes, 
corresponding  to  the  formation  of  the  radical  anion  and  the  dianion. 

Addition  of  water  (in  excess  makes  the  second  reduction  peak  completely 
irreversible  due  to  the  fast  protonation  of  the  dianion,  and  affects  also 
the  reversibility  of  the  first  peak  which  increases  in  height  with  respect 
to  the  second  one.  This  behaviour  has  been  explained,  on  the  basis  of  vol- 
tammetric  and  homogeneous  kinetic  experiments,  in  terms  of  the  disproportio¬ 
nation  reaction  of  the  radical  anions1'2: 


Ind  +  e 

ss=* 

Ind’ 

(1) 

2  IndT 

Ind"  ♦  Ind 

(2) 

Ind 

H20 

IndH- 

(3) 

IndH- 

h2o 

lndH2 

(4) 

Ind  ♦  2e  — IndH2 

The  voltammetric  behaviour  of  indenes  1  and  2  in  dried  solution  is  also 
observed  for  indene  3  at  low  temperatures  (<  30°C)  or  for  high  sweep  rates 
(v  >  100  Vs-1) ,  while  in  the  same  experimental  conditions  the  second  reduc¬ 
tion  peak  of  4  and  5  is  chemically  irreversible. 

Furthermore,  for  indenes  3-5  the  ratio  between  the  height  of  the  second 
and  the  first  reduction  peak  decreases  with  decreasing  the  sweep  rate,  in 
agreement  with  a  fast  protonation  of  the  dianion  by  the  indene  itself  (IndH), 
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which  transforms  into  the  conjugated  base  (Ind  ) ,  not  reducible  within  the 
available  potential  range. 

At  lower  sweep  rates  also  the  reversibility  of  the  first  peak  is  affected, 
and  a  single  irreversible  reduction  peak  corresponding  to  a  (2/3)  electron 
per  molecule  can  be  detected.  As  regards  indene  6,  for  which  only  the  first 
reduction  wave  is  detectable  within  the  available  potential  range,  the  same 
voltamroetric  pattern  is  observed.  In  these  conditions,  a  self-protonation 
reaction  involving  directly  the  radical  anion  takes  place,  according  to  the 
mechanism: 


IndH;  (6') 


IndH  +  (2/3)  e  - «•  (l/3)IndH3+  (2/3)lnd 

Voltammetric  measurements  have  been  carried  out  in  order  to  discriminate 
if  the  second  electron  transfer  occurs  at  the  electrode  (eq  (6'),  ECE  path¬ 
way)  or  in  solution  (eq  (6),  DISP  pathway)  and,  in  the  latter  case,  if  the 
rate  determining  step  is  the  first  protonation  reaction  (eq  (5) ,  DISP  1  path¬ 
way)  or  the  following  solution  electron  transfer  (eq  (6) ,  DISP  2  pathway) . 

The  experimental  values  of  ipa/ipc  for  indenes  3-6  and  of  EpC  for  indene 
6,  detected  at  various  scan  rates  and  indene  concentrations,  fit  well  the 
theoretical  working  curves  calculated  for  a  DISP  I  situation3.  The  values 
of  ks  obtained  are  reported  in  Table  I. 

AS  regards  indene  3,  however,  a  contribution  of  a  direct  disproportiona¬ 
tion  reaction  (eq  2)  with  protonation  by  IndH  could  be  operating  in  part. 

In  the  presence -of  phenol ,  all  the  indenes  considered  show  an  irreversi¬ 
ble  two-electron  behaviour,  in  agreement  with  a  fast  protonation  of  the  ra¬ 
dical  anion  by  the  proton  donor.  The  shift  of  the  peak  potential  with  the 
sweep  rate  and  phenol  concentration,  29  mV  at  20°C,  is  in  agreement  with 
the  following  mechanism: 


IndH 

e  5=s  IndHT 

(1) 

_ 

phOH 

IndH’ 

•  -•  £-  IndH2 

(8) 

IndHj 

♦  IndHT  - *  IndHj 

+  IndH  (6)  and/or  IndHj  ♦  e  -.-.Jb  IndH;  (6') 

IndHj 

PhOH 

- *  IndH  j 

(9) 

.  2PhOH  .  ... 

IndH  +  2e  - ►  IndHj 

with  the  possible  occurrence  of  both  the  DISP  1  and  ECEirr  limiting  cases. 

Our  data  suggest  the  occurrence  of  DISP  1  mechanism  in  the  case  of  inde¬ 
nes  t,  2,  3,  5,  of  ECEirr  in  the  case  of  6,  and  of  both  mechanisms  in  the 
case  of  4.  The  values  of  k9  are  reported  in  Table  I. 

The  results  of  macroscale  electrolyses  reported  in  Table  II  indicate  two 
different  stereochemical  courses,  according  to  the  proton  donor  used.  Only 
the  reduction  of  1  and  2  in  the  presence  of  water  affords  the  indans  of  most 
stable  configuration,  presumably  due  to  the  fast  isomerization  process  ta¬ 
king  place  under  the  electrolysis  conditions.  In  the  presence  of  phenol  or 
of  a  self-protonating  indene,  which  do  not  allow  isomerization  processes, 
prevailing  syn-addition  of  hydrogen  to  the  carbon-carbon  double  bond  is 
observed,  with  the  formation  of  the  thermodynamically  less  stable  isomers. 


IndH  +  e  v=—  IndH"  (1) 

lndHr  ♦  IndH  ==  IndHj  +  Ind’  (5) 

IndHj  +  IndHT - -  IndH,  +  IndH  (6)  and/or  IndHj  +  e 

IndHj  +  IndH  - *•  IndHj  ♦  Ind’  (7) 
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In  this  case,  steric  effects  must  play  an  important  role  in  the  protonation 
steps  of  intermediates,  due  to  the  high  steric  hindrance  of  indenes  and  phe¬ 
nol.  The  formation  of  hydrogen  bonded  complexes  between  radical  anion  and 
phenol  prior  to  the  proton  transfer  can  be  invoked  to  explain  the  higher 
stereoselectivity  observed  when  the  smaller  proton  donor  (phenol)  is  used 
instead  of  indene. 


TABLE  I. 

Protonation 

rate  constant 

(1 

i-1 

mol  s  ) 

Indene 

3 

4 

5  6 

ks 

0.6- 102 

1 .2-103 

1 . 

7 • 10 3  3.5-105 

k9 

1.1- 10** 

2-  106 

8. 

l-lO*  1.3-107 

TABLE  II. 

.  Results  of 

macroscale  potenticstatic  electrolyses  (T 

=  20  “C) 

Indenea 

Proton  donorb 

Indans  isomers  yields 

(Z,Z) 

(E,Z)  (Z,E) 

(E,E) 

1 

h2o 

- 

72 

28 

1 

PhOH 

57 

(Z) 

12  17 

(E) 

14 

2 

H20 

70 

30 

2 

PhOH 

(Z,Z) 

(E.Z)  =  (Z,E) 

lOO 

(E,E) 

3 

- 

70 

10 

20 

3 

PhOH 

100 

(Z) 

' 

(E) 

4C 

PhOH 

73 

27 

5 

- 

62 

38 

5 

PhOH 

(Z,Z) 

71 

( E.Z )  =  (Z,E) 

29 

(E,E) 

6 

- 

46 

20 

34 

6 

PhOH 

60 

20 

20 

a0.1  M.  b0.5  M.  CFast  isomerization  of  4  into  5  takes  place  under  self- 
-protonation  electrolysis  conditions. 
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ETUDE  CINETIQUE  DES  INTERACTIONS  QJTRE  UNE  CYLCODEX TRINE 
ET  LES  ESPECES  I"  et  I2 


E.  SAINT-AMAN  et  D.  SERVE 

Laboratolre  L.E.D.S.S.  5  (Photochimie)  ,  U.S.M.G.,  B.P.  68 
38402  Saint  Martin  d'HAres  (France) 


Les  cyclodextrines  a,  8,  y  sont  des  oligomferes  cycliques  possfedant  res 
pectivement  6,  7,  8  unites  de  D-  glucose.  Elies  prdsentent  one  cavite  tori- 
que  dont  le  diamAtre  compris  entre  5  et  9k  autorise  la  formation  de  compo¬ 
ses  d'  inclusion  1  non  covalents,  caractdrisds  par  des  interactions  faibles 
du  type  forces  de  Van  der  Walls  ou  interactions  hydrophobes.  La  stability  2 
du  ccmplexe  forme  depend  alors  essentiellement  du  bon  accord  spatial  entre 
la  cavite  de  la  cyclodextrine  et  l'espfece  chimique  hate. 

Une  etude  prdcddente  3  nous  a  permis  de  confirmer  ce  resultat  par  la 
mesure  potent icmetrique  des  constantes  d'associatlon  des  composes  d’ inclu¬ 
sion  formes  par  les  cyclodextrines  a,  B,  y  et  les  espfeces  I“,  I2  et  I~ 
(tableau  1).  La  stoechiometrie  1,3,4  de  ces  complexes  est  du  type  1:1. 
L'ordre  de  stabilite  a  alor3  ete  determine  :  a  >  B  >  Y  et  I3  >  I2  >  ^ 

L’ importance  de  ces  interactions  peut  etre  egalement  illustrAe  en  sui- 
vant  1' evolution  des  courbes  courant-potentiel  (fig.  1,2,3)  d'une  electrode 
A  disque  toumant  de  platine  dans  des  solutions  contenant  I~  ou  I2  et  une 
cyclodextrine  dont  on  fait  verier  la  concentration  totale.  La  formation  de 
I3  ou  les  phenomenes  d' adsorption  A  1' electrode  ont  pu  etre  negliges  en  tra- 
vaillant  A  des  concentrations  faibles  en  reactifs  (<10"3M) .  Nous  mettons  en 
evidence  une  diminution  du  courant  limite,  un  deplacement  de  la  courbe  vers 
les  potentiels  neqatifs  et  une  tendance  A  1 ' irreversibilite  du  mecanisme 
global.  Ces  variations  sont  d'autant  plus  importantes  que  le  complexe  consi- 
dere  est  plus  stable.  Ces  rAsultats  permettent  de  proposer  un  mecanisme  the- 
orique  du  type  C.E.C.  : 


I  "CD 


IjjCD 

t  I  '  CD 


I~ 


*2 


En  effet,  l'etape  chimique  pr6cedant  le  transfert  de  charge  permet  d' 
interpreter  la  diminution  du  courant  limite  car  en  complexant  prealablement 
1'espAce  electroactive,  celle  ci  n'est  plus  totalement  disponible  pour  main- 
tenir  un  courant  limite  maximal.  L'etape  chimique  postArieure  au  tremsfert 
de  charge  consomme  le  produit  de  la  reaction  eiectrochimique  et  la  deplace 
dans  le  sens  de  1' irreversibilite.  La  plus  grande  stabilite  du  compose  d' in¬ 
clusion  forme  par  1'espAce  oxydante,  l'iode  (tableau  1),  doit  induire  un  de¬ 
placement  de  la  courbe  i(v)  vers  les  potentiels  negatifs.  Ce  mecanisme 
peut  alors  etre  simplifie.  Par  example,  dans  le  cas  ou  la  reaction  chimique 
est  lente  (cas  des  systAmes  I~  -  CD  ou  I2  -  y) ,  le  contrdle  du  courant  est 
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1 

du  type  theimodynamique  5  et  il  conduit  A  un  faisceau  de  courbes  thdoriques 
comae  celui  represente  sur  la  figure  4.  Au  contraire,  lorsque  le  compos 6  d' 
inclusion  est  trfes  stable  (cas  des  syst femes  Ij  -  a  ou  1 2  -  6) ,  la  reac¬ 
tion  chimique  est  consideree  conane  totalement  irreversible. 

1.  J.  SZEJTLI, 

cyclodextrins  and  their  inclusion  complexes, 

Akadfemiai  Kiado,  Budapest,  1982. 

2.  W.  SAENGE R, 

Angew.  Chem.  Int.  Ed.  Engl., 

19  (1980)  344-362. 

3.  J.-P.  DIARD,  E.  SAINT-AMAN  et  D.  SERVE, 

J.  Electroanal.  Chem., 

sous  presse. 

4.  I.  SANEMASA,  T.  KOBAYASHI  et  T.  DEGUCHI, 

Bull.  Chem.  Soc.  Jpn., 

58  (1985)  1033-1036. 

5.  E.  VIEIL, 

These,  Grenoble,  1979. 


Tableau  1 iConstante  dissociation  (  K  /  M_1  )  des  complexes  formes  par 
les  cyclod  ex  trines  a,  0,  y  et  ltiSspAces  1“  ,l~  ,  I2  A  25°C 
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CONDITIONS  DE  TRAVAIL  POUR  LES  FIGURES  N*  1  1  4  : 
N  =  600  rpr  ;  S  *  0,03  cm2 
Electrolyte  :  SO^  5,10-2M  A  pH3 


fig.  1  :  (I-)=2,5.10‘4;  (cx)  =0(1) 
5.10"4(2)  2.10'3(3)  2 . 10-2  (4) 


fig.  2  :  (I")-5.10’v'»(X2)-1,1.1C 
(5) =C  (1)  5 . 10"3 (2)  10“3(3) 
•:.10'3(3)  M 


fig.  4  :  V'rar.s  trt  .  vrretien  ; 
(I-)*7.10-6;  (I2)  =  1C"4  ;  (CD  --r.  (1) 

5. 10“3 (2)  10"3 (3)  4  10"3(4)K. 
Di-=2,1.1C-5  cm2/s:DI  -S.lO^cm^s 
v»9 . lC“3cm2/s  ‘ 
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ELECTROLYSIS  OF  HALOSENZENES  IN  DIMEIHYIEORMAMIDE 
J. CAS ADO  and  I. GALLARDO 

Departamento  de  Qifmica-Ffsica,  Autonomous  University  of  Barcelona 
Bellaterra,  Barcelona  (Spain) 


INTRODOCTKU 

The  electrolysis  at  constant  potential  of  iodobenzene  (Phi)  and  Bromo- 
benzene  (PhBr)  have  been  carried  out  in  order  to  determine  the  products 
and  the  nimber  of. electrons  involved  in  the  process. 

In  previous  works1'  ,  electrolysis  under  constant  current  of  this  com¬ 
pounds  in  presence  of  CO-  have  been  reported,  yielding  benzene,  benzoic 
acid  and  banzaldehide. Sease  and  ReedJ  reported  100%  formation  of  benzene 
for  the  reduction  of  bromobenzene  in  DMF  with  Hg  cathode. 

EXPERIMENTAL  AND  RESULTS 

Phi.  After  preelectrolysis  at  -1.70V  vs.  Ag/AgI,  3.04g(15  nmol)  of  Phi 
were  added  to  a  deoxygen ateri  solution  of  TEAP  0.1M  in  DMF (77ml)  .The  elec¬ 
trolysis  was  carried  out  over  a  stirred  Hg  pool  cathode  at  -1.50V  in  a  re¬ 
frigerated  cell.  After  4  h.  the  current  dropped  to  1.7mA  and  the  electro¬ 
lysis  was  terminated. From  the  integration  of  the  I-t  curve  a  number  of 
1.8  electzons/molecule  was  obtained. 

10  ml  of  the  catholyte  were  di solved  in  water  and  extracted  with  hexane. 
The  UV  spectrum  of  this  solution  revealed  the  presence  of  benzene  (87%) . 
The  remaining  DMF  solution  was  evaporated  under  reduced  pressure. The  re¬ 
sidue  was  extracted  with  ether. The  TEAP,  removed  by  filtration,  was  1.4 
rrpol  less  than  the  initial,  which  indicates  that  it  partially  decomposes 
during  the  electrolysis.  A  sample  of  the  crude  obtained  by  rsnoving  the 
ether  was  analysed  by  G.C.  coupled  with  mass  spectrometry,  giving  snail 
amounts  of  PhCCN(CH3)2  and  PhCNOHNJCH,)-  and  traces  of  triethylamine, 
benzaldehyde,  phenol,  alcohol  benzylic  ,  iodobenzene,  diphenyl,  PhOOCOPh, 
PhHgPh  and  PhHgCO  NtCHJ,.  Traces  of  other  products  were  also  founded 
but  not  identified.  Afterwords,  the  remaining  crude  was  crcnatographed 
through  silica-gel,  0.06  g.  of  PhHgPh  (3%)  being  eluted  with  hexane. 

PhBr.  After  preelectrolysis  at  -2.15V,  1.56g(10  nmol)  of  PhBr  v«re  added 
to  a  solution  of  TEAP  0.15M  in  DMF (74ml)  .Then  ,  the  potential  was  fixed 
at  -2.10V.  After  5hl5m,  the  current  dropped  to  2 . 2mA (plateau) .A  number 
of  1,9  electrons/nolecule  was  obtained. 

The  working-up  was  similar  to  that  described  for  Phi. The  yield  of  benzene, 
determined  from  UV  spectra,  was  84%. After  removing  benzene,  alcohol  kwici- 
lic  and  a  small  amount  of  benzaldehyde  were  also  identified  from  a  new  UV 
spectrum.  The  DMF  was  practically  removed  under  vacuum  and  the  residue 
was  extracted  with  chloroform.  The  amount  of  the  retaining  electrolyte 
was  3.6  nmol  less  than  the  initial .Therefore,  it  decomposes  during  the 
reaction.  The  chloroform  was  removed  and  the  residue  was  chromatographed 
through  silica-gel,  0.05  g  of  a  white  solid  being  eluted  with  hexane- 
ethyl  acetate  80/20.  This  solid  was  identified  tobe  a  mixture  30/70  of 
meso  and  d, 1-1 , 2-diphenyl-l , 2-ethanediol (5% )  respectively,  using  IWR  and 
mass  spectroscopy. 

Other  products  analogous  to  those  obtained  in  the  Phi  electrolysis  were 
also  detected. PhHgPh  was  not  found  since  it  is  reduced  at  -1.7V  vs. Ag/AgI . 
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DISCUSSION 

The  experimental  data  can  be  rationalized  according  to  the  following 
pathway: 


(I)  PhX  e" 

(II)  Ph'  + 

(III)  Ph*  + 


(Me 


ch3) 


(IV) 

(V) 

(VI) 

(VII) 
(VIII) 

(IX) 

(X) 

(XI) 

(XII) 
(XIII) 

(XIV) 

(XV) 

(XVI) 
(XVII) 
(XVIII) 

(XIX) 

(XX) 


Ph" 

Ph 
2PhHg- 
Ph*  + 


N(CH-CH,)+ 
+  Hg  * 


CCNMe 


PhCCNMe-  + 

Ph"  +  DMF 

Ph"  +  DMF 

Ph*  +  DMF 

PhCQH  +  e“  — 

PhOCH*  +  H+  — * 

2 PhCHCH*  — - 

PhCHCH*  +  e"  + 
PhCHCH-  +  DMF  - 

Ph*  +  or  . — 

2Ph-  — -  PhPh 
2PhHg-— -PhPh  +  2Hg 
PhHg.  +  -CCNMe2  — - 


— .  "WWj*  ai2®2  + 

PhHgPh  +  Hg 
le,  —  PhCCNMe- 
2‘TJf  +  2e"  — s-  PhCKMWe- 

'  ^  iii  ren  ■■■<  ^ 


PhH 


PbCHCHNMe. 


— — *  PhCHO  +  HMte- 


PhCHO 
PhCHO 

•  PhCCH- 

*  PhCHCH* 
PhOKHCHCHPh 

H4-  -  PhCH-CH 

— — -  PhCHTCH 

—  PhOH  +  e“ 


PhHgCOWe, 


■tOte! 


and/or 

and/or 


•CQ91&2 


and/or 


and/or 


} 


(ref. 4) 
} (ref. 5) 

| (ref. 6) 
ref. 7, 8) 

(ref.  5) 


The  proposed  steps  or  reactions  are  supported  by  the  cited  references, 
which  treat  upon  similar  compounds. 

Reaction  I  is  evidenced  by  the  irreversibility  of  the  unique  wave  in 
cyclic  voltametry  and  by  the  presence  of  halide  ions  in  the  electro¬ 
lyzed  solution. 

The  relatively  small  amount  of  deocrposed  TEAP  suggests  the  minor 
importance  of  IV  with  respect  to  II,  specially  for  Phi  reduction. 

The  traces  of  nhenol  are  due  to  the  snail  amount  (about  0.1%)  of  re¬ 
sidual  water  in  the  solveit.For  this  compound,  reaction  XVII  is  more 
likely  than  direct  combination  of  Ph*  and  CH.  ,  because  it  Is  well 
known  that  the  hatolitic  cleavage  of  water  O-H  bond  is  very  difficult 
and  it  has  been  shown*  that  nucleophilic  attack  on  neutral  aromatic 
radicals  is  more  favorable  than  direct  radical  combination. 

The  traces  of  PhCOCOPh  may  be  due  to  the  oxidation  of  PhCHCHCHCHPh 
in  presence  of  O-  during  the  working-up. However,  there  is  not  further 
experimental  evidence  for  this  oxidation. 

Reaction  XVI  is  more  likely  than  XV  for  Phi  reduction,  since  the  se¬ 
cond  reduction  wave  for  benzaldehyde  appears  at  -1.8V  vs.  Ag/Agl. 

The  high  yield  of  1, 2-diphenyl -1,2-ethanediol  in  the  PhBr  reduction 
can  be  explained  in  terms  of  the  higher  concentration  of  Ph"  than  in 
the  Phi  reduction,  because  of  the  PhHgPh  reduction,  leading  to  a  ma¬ 
jor  contribution  of  reactions  X, XII, XIII  and  XIV.  Ct\  the  other  hand, 
the  diferent  potential  determines  the  adsorption  of  the  substances 
and  it  was  shown  that  benzaldehyde  reduction  occurs  in  an  adsorbed 
state.  Probably  the  radical  dimerization  also  takes  place  on  the  e- 
lectrode  surface7. 
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POIAROGRAPHIC  BEHAVIOUR  CF  o-DIBRCMDUENZENE  IN  PSEUDQAPROITC  MEDIA 


J.CASADO  and  I .GALLARDO 

Departament  of  Physical  Chemistry,  Autonomous  University  of  Barcelona 
Bella terra,  Barcelona  (Spain) 


INTRODUCTION 

The  polarographic  reduction  of  o-dibromobenzene  (I)  in  dimethylform- 
amide  IDMF)  and  acetonitrile  (AN)  was  studied  by  Wawzonek  and  Wagen- 
knecht1.  They  reported  a  maxiitun  for  the  unigue  observed  wave,  which 
still  persisted  at  a  concentration  of  2,6.10  *  anc^  also  postulated 

the  formation  of  benzyne  as  intermediate.  Rifi %proposed  a  concerted 
mechanism  for  this  reaction,  while  Barba  et  ad.  assumed  an  ionic 
pathway. 

In  this  paper  we  study  the  polarographic  behaviour  of  I  in  DMF  and 
AN  with  several  supporting  electrolytes,  and  also  with  different 
concentrations  of  added  phenol. 

RESULTS 

In  DMF/TEAP  0,1M  ,  I  shows  an  unique  four-electron  wave,  in  contrast 
to  the  other  studied  dihalobenzenes  which  exhibite  tvro  waves.  A  cu¬ 
rrent  peak  raising  from  the  bottom  of  the  diffusion  wave  is  observed 
(fig.  1) .  The  results  are  reported  in  table  1. 


1,7  1,4  1,1  o,» 

*e/V  vl . Kq/Aql 


Fig.l.  Polarogram 
of  o-dibromobenzene 
1,0.1<T3M  in  DMF/ 
TEAP  0,1M. 
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TABLE  1 


Polarographic  results  of  O-dibrcmobenzene  in  DMF/TEAP  0,1M.T»25°C; 
Hg  height-35cm;  t(-l,8V)*l,68s;m-l,30  mg/ssE  vs.  Ag/Agl. 


c(I)/nM 

lW“ 

-El/2^ 

Xd 

“Ep/V* 

0,02 

- 

1,16 

12 

- 

- 

0,04 

- 

1,18 

8,1 

- 

- 

0,10 

- 

1,21 

7,2 

- 

- 

0,20 

- 

1,29 

8,4 

1,31 

1,2 

0,50 

- 

1,33 

8,3 

1,32 

4,3 

0,50 

4,5 

1,32 

10,5 

1,32 

5,4 

1,00 

- 

1,35 

8,5 

1,35 

12 

1,93 

- 

1,36 

8,5 

1,36 

26 

is  the  peak  potential;  Ip  is  the  peak  current 


It  is  well  known  that  the  height  of  the  polarographic  maxima  depends 
on  the  Hg  height. However,  I  does  not  depend  an  Hg  height.  In  addition, 
surfactants,  such  as  methylpred  and  methylene  blue,  are  unable  to  sup¬ 
press  this  peak. E., 2  and  E  depend  cn  the  concentration  of  I  (see  Ta¬ 
ble  1)  .This  is  consistent  with  adsorption  phenomena  for  an  irreversi¬ 
ble  process  (  an-0, 6)  .Nevertheless,  the  process  is. not  adsorption  con¬ 
trolled. On  the  other  hand,  I  is  proportional  to  C7( .  . 

In  DMF/TBAI  0,1M  the  peak  also  appears  (E— 1,49V  /A,I  *7  A;  I, *8  A 

P  r  A 


and  «n-0,77,  for  c,_.»l,0nM  and  Hg  height-25  cm)  .As  veil  as  in  TEAP  0,1M 
the  maxinun  suppressors  have  no  effect. 


In  DMF/LiClO.  0,1M  the  peak  is  not  observed. Howewver,  when  phenol  is 
added  in  conoentraticn  greater  than  1.10- w,  the  peak  appears,  reaching 
a  maximum  height  at  1. 10  M.  For  higher  concentration^  the  peak  current 
remains  constant. At  phenol  concentrations  below  1.10  rf,  the  peak  is 
adsorption  controlled. 

E.  is  about  80irtV  more  cathodic  than  in  TEAP  o,W.  Ij  (5,9)  is  minor 
iiv  LiClO.  than  in  TEAP  .The  latter  result  may  be  due  °to  the  major  vis¬ 
cosity  ana/or  the  absence  of  proton  donors  in  the  solution. 

In  AN/TEAP  0, 1M  the  behaviour  of  I  is  analogous  to  the  corresponding 
in  DMF.  Hie  peak  currents  are  more  important  in  this  more_^cidic  sol¬ 
vent,  and  are  only  observed  for  ocnceitrations  over  4.10  m. 


DISCUSSION 

Our  results  point  to  an  ionic  stepwise  mechanism  for  the  reduction  of 
I,  and  they  are  consistent  with  the  existence  of  an  associated  cataly¬ 
tic  process  leading  to  hidrogen  evolution, i.e.  : 

I  +  e“  PhBr2T  (1) 

PhBr2T  +  H+  —  PhBr2H*  (II)  (2) 

2phBr2H'  2PhBr2  +  H j  (3) 


An  analogous  protonatlan  step  of  the  intermediate  anicn  radical  (2) 
has  been  proposed  by  Heinz^  and  Schwart  for  the  reductive  dehalogena- 
ticn  of  anthracene  halides4. 
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In  the  presence  of  a  large  excess  of  proton  donor  (tetraalkylarrrcni\jn 
salts  or  phenol)  and  at  low  concentrations  of  catalyst  (I) ,  the  peak 
currait  can  be  given  by: 

I  «AFk1/2DV2c  3/2 
Ip*AtK  D  c(Us) 

Where  A  is  the  average  area  of  the  Hg  drop,  D  is  the  diffusion  coeffi¬ 
cient  of  I  and  C/rTS)4s  the  surface  concentration  of  II,  vhich  is  ptoj 
portion*!  to  o(I)  .  ■tterrfor..  Ip  nrnt  b.  proportional  to  e(I)  . 

Ibis  ECC  mechanise  seens  not  to  be  specific  for  I.  Actually,  a  similar 
behaviour  for  ortho-  and  meta-brarcclorobenzene,  metaiodobenzene  and 
iodobenzene  has  been  fotnd  . 

For  all  the  confounds  displaying  this  behaviour,  the  peak  potentials 
jure  less  cathodic  than  -1,50V  vs.  Ag/Agl.  This  limiting  potential  may 
be  related  to  the  desorption  of  the  species  involved  in  the  catalytic 
process,  in  such  a  way  that  this  process  is  prevented.  On  the  other 
hand,  it  seems  likely  that  a  stronger  electric  field  can  accelerate 
the  cleavage  of  the  carbon-halogen  bond  with  a  similar  result. 
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’ SYNTHETIC  APPLICATIONS  OF  INDIRECT  ELECTRODE  REACTIONS t 
ROLE  OF  ELECTROCHEMICAL  GENERATED  REAGENTS 

KAMALA  Zl/THHI,  RAVI  RASTOG1  and  GIRISH  DIXIT 
Department  of  Chemistry,  Ikiiversity  of  Raj  as than 
Jaipur  302004,  India. 


Indirect  electrode  reactions  involve  electrogenerated  reagents 
acting  as  catalysts.  The  present  investigations  describe  some  basic 
electrochemical  and  synthetic  applications  of  indirect  electrode 
reactions  t  anodic  and  cathodic*  utilising  the  electrochemical  gener¬ 
ated  reagents  at  constant  current*  offering  excellent  possibilities 
for  selective  oxidation-reduction*  hydrogenation  and  cyclization 
reactions  which  have  not  already  been  tried  extensively. 

The  methodology  presents  the  possibility  of  controlling  a  wider 
range  of  the  activity  of  the  reagent*  the  behaviour  of  electrons  by 
prqper  choice  of  the  electrodes*  electrode  potential  and  use  of 
various  solvents.  The  transfer  of  electrons  con  occur  at  ordinary 
tenders ture  atmospheric  pressure  and  at  a  chosen  pH  with  minimum 
number  of  steps  and  side  reactions  involved  thus  facilitating  pure 
products . 

Keeping  in  view  the  convenience  of  experimental  conditions  vis 
a  vis  the  formation  of  useful  synthetic  products*  the  following  model 
reactions  have  been  described. 

The  electrolytic  hydrogenation  of  aminobenzoic  acids  and  sub¬ 
sequent  cyclization  of  the  Intermediate  products  in  situ  gave  fair 
yield  of  bi cyclic  lactams  and  ester  under  normal  conditions  of  temp¬ 
erature  and  pressure  thus  claiming  superiority  over  the  conventional 
catalytic  hydrogens ti on 2 . 

The  electrocatalytic  hydrogenation  of  organic  substances  has 
been  reviewed  by  many  workers2*  3.  At  electrodes  of  low  hydroaen 
over  potentials  such  as  platlnunv  reaction  (?)  follows  reaction  (1) 
and  is  rate  controlling.  The  conversion  of  adsorbed  hydrogen  atom  (2) 
to  molecular  hydrogen  is  slow  allowing  thereby  the  electrode  furface 
to  be  covered  with  absorbed  atomic  hydrogen  which  causes  the  hydro¬ 
genation  . 

H*  ♦  *'  "(.*.)  >  2H(«<J.)  ^  «2  ‘2> 

The  electrogenation  of  H  atom  in  2N  perchloric  acid  containing 
tetra-n-butyl  anmonlum  perchlorate  on  platinum  cathode  (working  area 
0.7S  cm2)  is  experimented  for  the  reduction  and  subsiquent  cyclization 
of  amino  benzoic  acids  (1-4).  Maximum  yield  was  obtained  when  the 
current  density  was  1. 33x10$  mAcm"2,  yielding  the  products  (5, 6, 7). 
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The  Indirect  process  o£  electrochemical  reduction  of  aromatic 
nucleus  via  solvated  electrons  has  been  reviewed  by  Lund4  and 
Alpatova'  and  KrisHtalih^. 

The  direct  electron  transfer  from  cathode  to  aromatic  nucleus 
does  not  take  place  as  such .  The  reduction  of  aromatic  confounds 
away  from  the  electrode  in  the  bulk  of  the  solution  is  caused  by 
Introducing  the  solvated  electrons  in  the  solution.  However,  at 
sufficiently  negative  potential,  an  electron  may  get  released  from 
the  electrode  and  when  is  not  caught  by  the  acceptor,  it  may  end 
up  in  a  potential  energy  "trap"  introduced  by  its  own  polarization 


field  giving  rise  to  solvat'  d  electrons6/ ? . 


P~  +  s  - 

cathode  ? - 

where  S  is  aprotic  solvent. 


(1) 


The  reduction  of  the  aromatic  ring  by  electrogenerated  electr¬ 
ons  has  been  well  documented  in  ethanol  containing  hexnmethylphosph- 
oramide  (CH)2H  3P«0,  (HUT A)  . 

Aniline(s)  and  p-cresol(2)  are  reduced  by  electrochemical 
generated  solvated  electrons  to  cyclohexyl  amine  (3)  (43.8-48.5.*) 
and  4-Me thy 1 cy cl ohexanol  (4)  (34.3-37.2%)  respectively.  The  _ 
maximum  yield  obtained  when  the  current  density  was  19.61  mA.cm“  . 

The  cathode  potential  whidi  indicates  the  reduction  was  -2.20  -  2,3  8 
vs  see  respectively .  Lithium  chloride  was  used  as  supporting  electro¬ 
lyte  on  aluminium  cathode .  _ 

i*  _  A 

+  6e  .  '  > 


0 


HIl)  A-CjHgOH 
LiCl 


(1)  R  »  NH2;  R’  «=  H 

(2)  R  «  OH  t  R'  -  CH3 


(3)  R  -  NH. 


H 


(4)  R  -  OH  j  R*  -  CH 
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The  blue  solution  of  alkali  metals  in  HMPA  8,9  was 
observed  during  electrolysis  with  substrate  present,  confirming 
the  presence  of  solvated  electronic*  ** . 

0 

The  identification  of  the  above  products  was  confirmed  on 
the  basis  of  boiling  points,  elemental  analyses,  supported  by 
Infrared  and  H-nuclear  magnetic  resonance  data. 
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STIUIES  d'J  III XED  LIGAMD  COMPLEXES  OF  CADMIUM  WITH  1YUIO-JXI11E 

(VITAMIN  B,  )  AND  SU:E  AMINO  ACIDS 
o 

(MISS)  HiiJANI,  C.P.B.  CHmNDKL  AND  C  .M .  GUPTA 
Department  of  Chemistry,  University  of  Rajasthan 
Jaipur-302004  (India). 


The  mixed-ligand  complexes  of  cadmium  with  pyridoxine  and  some 
amino  acids  (glycine,  alanine,  valine  and  serine)  were  studied  pola- 
rographically  at  pH  8.50  and  the  constant  ionic  strength  (1  ju).  The 
tenperature  was  maintained  constant  at  303  ±  1  K.  All  the  systems 
were  studied  by  keeping  the  concentration  of  weaker  ligand  (Pyrido¬ 
xine)  constant  while  varying  that  of  amino  acids.  The  plots  of  E  vs 
log  i/d^-i)  were  linear  with  a  slope  of  30  ±  2  mV,  showing  that  the 
two  electron  reduction  is  reversible  and  diffusion  controlled.  The 
free  ligand  concentration  is  calculated  from  pH  and  pK  values  Cd(Il) 
forms  three  mixed-ligand  species  viz.,  Cd (pyridoxine ) (ami noacids), 

Cd (pyridoxine )(aminoacids) 2  and  Cd(pyrldoxine)2(amInoaclds) . 

The  formation,  constants  of  slnple  systems  were  calculated  by 
the  Deford  and  Hume1  method,  and  the  values  of  stability  constants 
of  mixed-ligand  complexes  were  determined  by  the  method  of  Schaap 
&  McMaster^.  The  overall  stability  constants  were  evaluated  with 
the  help  of  Leden's  graphical  extrapolation  method.  The  over  all 
stability  constants  log  fill,  log  “l2  and  log  ^21  of  all  the  systems 
are  presented  in  the  Table  1 . 

Table  1 


Systems 

log  P>u 

log  fi12 

log  flj, 

Cd-Pyridax-Gly 

5.20 

6.26 

8.35 

Cd-Pyridax-Ala 

5.30 

6.33 

8.25 

Cd-Py rldox-Val 

5.00 

5.95 

7.70 

Cd-Pyridox-Ser 

5.05 

6.00 

7.98 

The  tendency  of  formation  of  slirple  and  mixed  conplexes  can  n 
be  easily  expressed  by  calculating  the  disproportionation  constant  IT 
for  the  equilibria. 

2Cd (py  ridoxine ) ( amlnoacid )  v  Cd(pyridoxine +  CdtaminoacidJj 
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The  value  of  log  K?  is  -0.6  statistically2 3 4  but  the  observed 
values  are  found  to  be  -0.96,  -0.86,  -1.26  and  -0.66  for  the  cedm- 
ium-pyridoxinate-glycinate,  cadmium-pyridoxinate,  alaninate,  cadm- 
ium-pyridcocinate-valinate  and  cadmium-pyridoxinate-serinate  systems 
respectively.  “Ihe  high  negative  values  of  log  kP  for  each  equilibria 
account  for  the  stability  of  the  mixed  ligand  conplexes. 
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THE  SOLVENT  EFFECT  ON  THE  KINETICS 
OF  THE  ELECTROOXIDATION  OF  PHENOTHIAZINE 

M.OPALLO  and  A.KAPTURKIEVICZ 

Institute  of  Physical  Chemistry,  Polish  Academy  of  Scienoes 
01-224  Warszawa,  Kasprzaka  44/52,  Poland 


One-electron  eleotrooxidation  of  phenothiazine  /PNT/  to  the 
corresponding  radical  oation  PNT  : 

PNT  -  e  ^  PNT  (l) 

at  Pt  eleotrode  was  ohoosen  as  a  model  system  for  studies  the 
solvent  effect  on  the  heterogeneous  eleotron  transfer  kinetics 
because  the  mechanism  of  reaotion  1  is  solvent  independent'* . 

The  standard  rate  constants  /kg/  were  estimated  on  the  basis 
of  the  data  obtained  by  eyolio  voltammetry  experiments . 

The  apparent  values  of  k^  has  been  found  nearly  Independent 
of  the  supporting  electrolyte  concentration  in  given  solvent. 
This  suggests  that  they  can  be  regarded  as  "true"  values,  not 
influenced  by  the  potential  drop  across  the  diffuse  layer. 

The  kg  values  has  been  found  considerably  dependent  on  the 
solvent.  No  sample  correlation  between  kg  and  polarity  parame¬ 
ter  (  as  well  as  donor  number  of  given  solvent  has 

been  found.  Thus  the  changes  of  kg  with  the  solvent  cannot  be 
"  -•’"•id  by  the  outer-  /Marcus  theory*/  or  the  inner-solva¬ 
tion  she.  1  effects. 

On  the  other  hand  the  nearly  linear  relationship  between  k$ 
and  the  reciprocal  of  the  longitudinal  dielectric  relaxation 
time  (  Z^A  1  of  a  given  solvent  has  been  found  in  the  case  of 

aprotio  solvents.  Similar  correlations  were  also  found  in  the 
case  of  the  eleotroreduotion  and  eleotrooxidation  of  transla¬ 
tion  metals  salens  complexes 3f  metallooenes  **  and  electroreduo- 
tlon  of  nitromesitilene^. 

Thus  the  solvent  relaxation  dynamics  ^  play  important  role  in 
kinetios  of  reaotion  1. 

Ve  tried  to  interprets  our  results  on  the  basis  of  the  enco¬ 
unter  preequilibrium  model  involving  solvent  relaxation  dyna¬ 
mics  **: 

kg  =  M  {>v0/l6TFRT)l/a  e^p(-Ao/^RT)  (2) 

where  K  -  electron  tunneling  probability , 6  -  effective  thick¬ 
ness  of  reaotion  zone  and  X0  is  the  reorganization  energy  of 
the  solvent  . 

*  £00 and  £5  are  the  optioal  and  static  dielectric  permittivi¬ 
ty  of  the  solvent. 

'^•'t’dfcj^where  Zd  i«  the  dieleotric  relaxation  time  of  the 
solvent. 
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Fig,  i ,  standard  rata  oonatanta  of  tha  oloctrooxldation  of  PVT 
lc  aa  a  funotlon  of  raoiprooal  of  tha  longitudinal 
d±f loo trio  ralaxation  tina  ti  of  t  giran  aolrant. 
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Ve  oaloulate  ks  according  eq  2  assuming  the  rsaotion  1  adiabatic 
/k£  =  60  pm/  at  the  olosest  approach  of  the  reaotant  to  the  el¬ 
ectrode  surface.  For  all  distances  of  reaction  place  from  eleo- 
trode  surface  the  sequenoe  of  k$  values  agrees  veil  with  found 
experimentally  but  the  calculated  values  are  higher  than  expe¬ 
rimental.  This  oan  be  attributed  to  the  negleotion  of  inner  re¬ 
organization  energy  or  to  the  nonadiabaoity  of  reaction  1 :  xv/ 
henoe  K S«  60  pm. 

The  interpretation  of  kinetic  data  in  the  oase  of  hydrogen 
bonded  solvents  is  more  complicated  beoause  in  these  solvents 
more  than  one  dieleotrio  dispersion  region  is  observed?  Taking 
into  considerations  only  the  slowest  value  of  one  may  obser- 
nearly  linear  relationship  between  ks  and  tTu  but  the  reaotion 
is  faster  than  it  oould  be  expected  by  comparison  with  the  ex¬ 
perimental  data  in  the  oase  of  aprotic  solvents  /see  fig.  l/. 
This  difference  oan  be  caused  by:  three  reasons: 

The  neglection  of  faster  dieleotric  relaxation  processes 
which  may  also  influence  the  rate  of  electron  transfer. 

The  polarization  diffusion  meohanists^of  the  solvent  relaxa¬ 
tion  whioh  can  be  intrinsic  for  the  solvents  with  relatively 
long  Xu  . 

The  difference  between  X6  parameter  for  both  groups  of  sol¬ 
vents  . 
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SPECTROELECTROCHEMICAL  STUOY  OF  POLARON  t*i D  BIPOWRON  IN  POLYPYRROLE 
STRUCTURAL  CHANGES  UPON  CYCLING 

E.M.  GENIES  AND  J.-H.  PERNAUT 

Laboratoire  d'Electrochimie  Organ i qua  at  Analytique,  UA  CNRS  n*321, 
Labor atoi rat  da  Chimia,  Dtpartement  da  Recherche  Fondamental a ,  Cantra 
d'Etudea  NucWairea  da  GranobIaf  83x,  F. 38041  GRENOBLE  CEDEX,  Franca. 


Conductive  organic  polymert  can  ba  datcribad  at  tan iconduc tort  with 
a  band  modal  ralatad  to  tha  level  of  doping  <t).  Wa  pratant  hara  tana 
ratults  which  will  contributa  to  incraata  tha  underatanding  in  thit 
araa.  Thit  ttudy  it  mada  in  CH3CN  (0.3M  Li  Cl  04)  by  tha 
tpactroalactrochamiatry  of  polypyrrolt  film  dapotitad  on  an  optically 
tramparant  alactroda  of  indium  oxida  on  glaat. 

I  ELECTROCHEMICAL  INTERPRETATION  OF  RE00X  SYSTEME  OF  PPY 

Tha  radox  machanism  of  polypyrrola  it  datcribad  by  tha  following 
schama,  whara  PP  rapratantt  tha  nautral  tpaciat  <6  pyrrola  unita),  PP’*, 
tha  radical  cation  (or  polaron)  and  PP**  tha  dication  (pottibla 
bipolaron) . 

PP  - *  PP**  ♦  la-  El  1 

PP**  - ►  PP*+  ♦  la-  E2  2 

2  PP**  PP  ♦  PP**  K  3 

The  limiting  ttap  of  tha  kinetica  of  charga  tranafar  hat  baan  da  term i nad 
to  ba  tha  diffution  of  anion  (CI04-)  for  oxidation  and  cation  for 
reduction  during  firat  tcant  of  cyclic  voltammetry  (2). 

Tha  figure  1  pretentt  tha  cyclic  voltammetry  of  a  PPy  film  <0.24um)  at 
0.03  Vt-1.  At  lower  tcan  rate!  we  obterve  aometimea  two  paakt  in 
reduction  which  can  be  aaaigned  to  tha  axixtanca  of  two  electronic 
tranafera  (reaction!  1  and  2). 

Tha  figure  1  alto  pretent!  the  concentration  profilet  for  the  tpaciat, 
tha  turn  of  PP**  ♦  PP**  and  tha  charga  (...)  for  tha  polymer  vartut 
attignad  potential  according  to  reaction!  1  and  2  following  an  ideal 
Nernatian  modal  with  El  ■  E2  »  -  0.13  V. 
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II  OPTICAL  ASSORT  I  ON  OF  PPY  AND  NATURE  OF  TMNS1TICNS 

The  f i gure  2  show*  the  absorbance  diagram  of  PPy  film  <0.24um>  at 
increasing  level  of  doping  ranging  iron  -0.5V-1-  to  +0.4V-10-  by 
increment  of  0.1V.  The  single  headed  vertical  arrows  on  the  energy  level 
diagram  indicates  allowed  optical  transitions.  VB  ■  Valence  band  , 
BCL/ACL  *  Bonding/ant (bonding  polaron  level,  CB  *  Conduction  band.  The 
transition  4  cannot  be  seen  because  of  the  limitation  of  the 
transmission  cell. 

We  observe  that  iron  reduced  to  oxidised  film  the  absorbance  decrease  in 
the  area  of  3.4  eV  and  increase  under  2.9  eV  with  a  quasi  isobestic 
point.  According  to  the  ideal  concentration  of  species  determined  in  I 
1,  it  is  possible  to  determine  the  absorption  molecular  coefficient  of 
PP*+  and  PP+*  for  particular  wavelengths.  For  instance  at  2.8  eV  it  is 
respectively  s  850  and  5475  1M-Icm2  . 

III  TRANSIENT  ABSORBANCE  MESUREMENTS  -  POLARON  BIP0LAR0N  EVIDENCE 

It  is  very  convenient  to  work  at  constant  wavelength  to  follow  the 
transfer  from  a  species  to  an  other  one.  Depending  on  the  conditions  of 
preparation  of  the  film,  we  achieve  two  types  of  polymer  i 
A/  Slow  charge  transfer  polymer  film 

The  figure  3-a  represents  the  chroneabsorp tome trie  plots  of  PPy 
film  for  a  double  potential  step  from  -0.5  V  to  0  V-l-  and  to  *0.4  V-2- 
at  410  nm.  The  stars  correspond  to  the  points  where  the  system  is 
relaxed  (cut  off  of  the  circuit).  When  the  upper  limit  of  the  potential 
is  0  V  (3-a-l)  we  observe  a  plateau  of  absorbance  because  only  polaron 
are  created.  For  higher  potential  limit,  0.4V  (3-a-2>  the  radical  cation 
is  oxidized  to  dication  which  is  more  absorbent  at  this  wavelenght.  The 
difference  of  absorbance  (red-ox)  increases  then  decreases  and 
stabilizes  when  the  dication  reaches  the  maximal  concentration. 

8/  Fast  charge  transfer  film 

The  figure  3-b  is  obtained  for  potential  steps  ranging  from 
-0.5  to  -0.4  V-l-  to  -0.5  to  +0.4  V-9-  by  increment  of  0.1  V  at  400  nm. 
The  interpretation  is  the  same  that  in  fig. 3-a,  but  with  fast  charge 
transfer.  D  ■  3.5  10-10  cm2  s-1 . 

The  figure  4-a  and  b  present  the  evolution  of  absorbance  and 
potential  versus  time  for  relaxation  of  the  system  after  an  oxidation 
step  ,2,  an  a  reduction  step  ,1,  during  a  double  step  potential  from 
-0.5  to  *0.4V. 
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Curves  1  are  explained  by  the  reaction  3  occuring  to  th#  left 
becauae  in  this  cast  E2  >  El.  On  th#  contrary ,  curves  2  mutt  b# 
explained  by  the  reaction  3  occuring  to  the  right  with  E2  <  El .  This 
behavior  is  only  observable  for  largly  cycled  film. 


IV  EVOLUTION  OF  PPY  FILM  UPON  ELECTROCHEMICAL  CYCLING 

The  figure  5-a  shows  the  becoming  of  the  absorbance  diagram  of 
PPy  after  30  cycles  of  potential  sweeping,  between  -0.3  to  40.4  V  at 
0.03  Vs-1 .  The  absorbance  near  400  nm  is  really  an  isobestic  point  and 
must  be  compare  to  the  figure  2. 

The  figure  3-b  is  the  chronoabsorptametr ic  plots  of  the  film  of 
the  same  cycled  film  for  double  potential  < -0.3,40.4V)  step  at  different 
wavelengths  around  the  isobestic  point. 

V  CONCLUSION 

The  oxidation  of  polypyrrole  involves  the  formation  of  radical 
cation  PP.4  and  dication  PP««  sites  which  corresponds  to  the  creation  in 
the  band  gap  of  two  bonding-ant i bonding  levels.  The  Kinetic  of  transfers 
between  radical  cation  and  dication  and  the  absorbance  coefficient  are 
evaluated. 

The  results  strongly  depend  on  the  condition  of  the  polymer.  For 
fresh  new  film  E2  appears  in  the  range  of  -0.1  V  <Ag/Ag+)  and  El  of  -0.2 
V.  After  cycling  E2  becomes  lower  than  El  and  the  electronic  structure 
of  the  film  is  irreversibly  altered.  The  experiments  of  step  potential 
with  relaxation  are  explained  wi th  the  reactions  of  disproportionation 
.and  the  inverse  ,3,  according  to  relative  position  of  potential  El  and 
*E2.  After  cycling  the  dication  formation  is  favorable  and  it  corresponds 
best  to  the  bipolaron  concept. 

The  simple  Nernstian  model  is  not  completty  satisfactory  and 
suggests  that  the  active  species  are  subject  to  large  electrostatic 
interactions  . 
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The  electrochemical  reduction  of  a(-azido  chalcones  (2- 
azido-1 , 3-diarylpropenones)  is  investigated  in  acetonitrile 
medium  in  the  presence  of  acetic  anhydride  and/or  protons.  The 
polarographic  studies  with  1-(4-chlorophenyl-)-2-azido-(4- 
tolyl-)-propene-2-one-1  (lb)  reveal  two  waves  corresponding 
to  a  2-electron  and  1 -electron  reduction  respectively.  The  CV 
shwos  two  peaks  at  -1.31V  and  -1.65V  vs.  SCE  (100  rnV.s”1),  the 
second  one  being  reversible.  On  addition  of  Ac20  or  AcOH  both 
reduction  currents  increase,  the  peak  shape  being  unchanged. 

Ac20  or  H+-donors  are  used  as  scavengers  for  anionic 
intermediates  to  prevent  polymer  formation  at  the  electrode. 
Controlled  potential  electrolyses  of  the  azidochalcones  at  the 
first  reduction  wave  are  carried  out  in  order  to  check  the 
synthetic  utility  of  this  reaction  type  and  to  get  insight 
into  the  reduction  path  of  the  enazido  function. 

The  data  relating  to  electrolysis  potential,  charge  con¬ 
sumed,  products  and  yields  are  presented  in  the  following 
table.  A  reaction  scheme  for  cathodic  reduction  of  the  azido¬ 
chalcones  is  given  too. 

Preparative  electrolysis  only  with  ACjO  as  additive  re¬ 
sults  in  untractable  mixtures  of  substances.  CV  of  indepen¬ 
dently  prepared  N,N-diacetylamino-propenones  reveal  that  these 
compounds  and  the  starting  azides  have  almost  the  same  reduc¬ 
tion  potentials  so  that  any  diacetylamino  compound  formed  will 
be  reduced  further  yielding  fragmentation  products. 
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Enaction  Conditions  and  Products  of  Electrolysis  of  Asldochaleenes 

As  can  be  seen  from  this  table,  electrolysis  of  the 
azidochalcones  in  the  presence  of  protons  give  rise  to  only 
one  product  in  excellent  yields. 

A  mildly  acetylation  method  is  developed  in  order  to 
prepare  N-monoacetyl  derivatives,  since  some  of  the  aminopro- 
penones  are  rather  unstable.  Addition  of  a  stoichiometric 
mixture  of  azidochalcone  and  AcOH  to  the  electrolysis  mixture 
results  in  high  yields  of  the  E-  and  Z-isomers  of  2-acetylami- 
no-1 , 3-diarylpropenones  from  pure  Z-azidochalcones . 

The  reversible  second  wave  in  CV  following  an  irreversible 
one  as  in  the  case  of  1b  is  taken  as  an  EECCE-mechanism. 
Probably  there  is  electron  transfer,  release  of  Nj  and  proto¬ 
nation  on  the  olefinic  carbon  (due  to  residual  water  or  the 
tetraalkylammoniun  cation  used).  If  there  results  an  ©C-ket- 
i mine-like  structure  like  7  a  reversible  reduction  will 
follow.  With  the  sterically  hindered  compound  Id  the  bulky 
substituents  favour  this  reaction  path.  Detailed  studies  on 
this  phenomenon  are  still  in  progress. 
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However  the  cathodic  reduction  of  simple  azidochalcones 
represents  an  efficient  and  selective  synthesis  of  enamino 
ketones,  whereas  chemical  reduction  will  affect  other  functio¬ 
nal  groups  of  the  starting  compounds'. 
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Cathodic  reduction  of  « -azidocinnamic  esters  under  apro- 
tic  conditions  can  be  directed  to  high  yields  of  N,N-diacylated 
dehydroami noacid  derivatives  (i.e.  addition  of  acetic  anhy¬ 
dride)  or  to  almost  quantitative  yields  of  «-aminocinnamic 
esters  in  very  pure  form  by  careful  addition  of  H+-donors.  The 
dehydroamino  compounds  in  turn  can  be  further  reduced  to  the 
corresponding  saturated  compounds  by  subsequent  proton  addi¬ 
tion  and  application  of  more  negative  potential  of  electroly¬ 
sis. 

Reduction  of  the  azido  function  in  all  compounds  occurs 
totally  irreversibly  (up  to  50V. s"1  in  CV).  A  consumption  of 
2F.mole  1  and  quantitative  evolution  of  nitrogen  is  only  achie¬ 
ved  if  scavengers  for  anionic  intermediates  are  present  in 
excess.  Otherwise  severe  formation  of  insulating  polymers  by 
nucleophilic  attack  of  intermediates  on  the  azido  group  of  the 
starting  materials  prevents  useful  electrolysis. 

The  versatility  of  the  electrochemical  way  to  dehydro- 
aminocid  derivatives  has  been  proved  by  application  to  several 
substituted  azidocinnamic  and  &-heterocyclic  substituted 
«-azidoacrylic  esters. 

Examples  of  this  cathodic  synthesis  are  given  in  the 
following  figures. 


13431 


H 

COOCH. 

■ 

COOCH  * 

\ 

✓  J 

\ 

/  J 

C 

:  -  c  - 

-*■  C 

•  c 

/ 

\ 

.  / 

Ar 

"i 

Ar 

n  a* 

lit 

Ar*  4-Tolyl- 

A2-  COCHj 

bi 

Ar*  4-tart. Butoxylphenyl- 

hi 

A1-  A2*  COCHj,  Ar* 

C* 

Ar*  4-Chlorphanyl- 

4-Acatecyphanyl- 

d: 

Ar«  2,6-Oichlcrphenyl- 

Ar*  2-Puryl- 

la-c.fi 

a,  a2-  cocHj 

t  t 

Ar*  2-Thienyl- 

Ar-  2-(H-Banxyl-)-lndolyl- 

4a -hi 

»’•  a2-  a 

h: 

Ar*  4-Hydrouyphenyl- 

Sdi 

a'*  a,  Bj-  coich j) j 

Substrat  Elaktro-  Potcn-  ixollarta  Produkte 

lyt*  tialab  Auab.  In  t  d.Th.  (chrcmatogr.  Auab. ) 

H.N-Oiacyl-  N-Acyl-  Aalno- 


la 

A 

-1 

,C0 

2a  t 

25 

(441 

2a  i 

(2) 

4a* 

(  2) 

a 

-1 

.55 

- 

- 

50 

(02) 

c 

-1 

.57 

- 

5d* 

25  (29) 

4a  t 

(CO) 

ib 

A 

-1 

,C0 

2bt 

25 

(SCI 

2b* 

7  (25) 

4b> 

(  9) 

B 

-1 

.CO* 

- 

- 

70 

(90) 

1c 

A 

-1 

.55 

2c* 

70 

(0C) 

2c* 

14) 

4c  i 

I  2) 

B 

-1 

.ec* 

- 

- 

25 

(60) 

Id 

A 

-1 

.CO 

2d* 

70 

(SCI 

2d* 

n.bc 

4dl 

(14) 

D 

-1 

.CJ 

- 

- 

40 

(52) 

la 

A 

-1 

.CO 

2at 

40 

(SOI 

2a* 

n.be 

4a  t 

(  2) 

B 

-1 

.45 

- 

- 

C5 

(70) 

If 

A 

-1 

.cs 

2f  > 

41 

(50) 

If* 

n.bc 

4f  * 

(  2) 

a 

-1 

• 

© 

- 

- 

40 

(75) 

*9 

A 

-1 

.75 

- 

29> 

24 

49: 

(  2) 

B 

-1 

.CO 

- 

- 

C5 

(76) 

Ih 

A 

-1 

.55 

2hi 

so 

172) 

2ht 

n.bc 

4h: 

(  2) 

B 

-1 

.55* 

- 

- 

0 

(00) 

®A:  20  cm2  AN  *5  cm1  Ac,0,  B:  17  en1  AN  *2  cn5  AcOH.  Ci  Pi vallnaluraanhyd- 

•  W  a 

rid,  j«  0, IN  TEAS,  6-0  «M  Umxatx.  Elaktrolyaapotantial  va.  CKE,  Autbaute  niche 
beitimiit*  dnur  2  mn  Umaatzj  eStrukturbevaix  durch  Paracatyiiarunp  xu  2h  und 
daaxen  Auabautoi  *nur  Schulter  aut  dar  Stroaspannunqikurva . 


Table  of  electrolysis  conditions  and  products. 

Since  some  of  the  enami noesters  are  rather  unstable  to 
work  up  procedures,  the  diacylation  procedure  is  recommended 
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Xn  diacetylation  synthesis  during  the  first  parts  of 
reaction  almost  only  the  enamines  are  seen  (probably  due  to 
protonation  by  residual  water  in  the  supporting  electrolyte), 
the  enamine  formation  will  cease  after  a  conversion  of  about 
.  2-IOmmoles,  so  that  on  prolonged  electrolysis  yields  of  about 
80%  of  N,N-diacetylenaminoesters  are  accessible.  The  concentra¬ 
tion  of  diacetylenamino  products  in  the  catholyte  must  not 
exceed  0.02m  since  otherwise  some  reduction  of  those  products 
may  start  (reduction  potential  about  200-300mV  more  negative 
than  that  of  starting  materials).  Dehydroaminocinnamic  esters 
are  stable  to  reduction  up  to  -2.1V. 

Extension  of  this  cathodic  procedure  to  dienazidoesters 
yielding  useful  synthons  for  Diels-Alder  reactions  is  given  in 
the  next  scheme.  Chemical  yields  of  up  to  75%  of  dienamino- 
derivatives  have  been  obtained  up  to  now. 
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Using  nitro  substituents  in  the  aromatic  part  of  the 
a . idocinnamic  derivatives  selectively  hydroxylamino-azidocinna 
mic  esters  or  N,0-acylated  diacylamino-esters  are  accessible. 
So  the  cathodic  reduction  of  enazidoesters  represents  an  easy 
and  selective  route  to  a  variety  of  dehydroami noester  deriva¬ 
tives. 

References:  D.lCnittel,  Monatsh.  Chem.  115,  1335  (1984) } 


